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TEANSLATOE’S PEEFACE 

TO NEW EDITION. 


In 1891 the seventieth birthday of Hermann von Helm¬ 
holtz, and the forty-ninth anniversary of his taking the 
degree of Doctor of Medicine, was celebrated in Berlin in 
a manner which, whether for its universality or import¬ 
ance, has, perhaps, never fallen to the lot of a Man of 
Science during his lifetime. 

The demand for a new edition of the translation of 
the two volumes of Yon Helmholtz’s Popular Scientific 
Lectures suggests that this is an appropriate occasion for 
a re-issue und^r conditions which make them accessible 
to a larger circle of readers. 

The present edition .is identical with the preceding 
ones ; discussing as they do, with the hand of a master, 
fundamental scientific problems, these Lectures are not 
likely to he soon out of date. 

* To the second volume has been added a remarkable 
autobiographical account of the Author’s scientific career 
and development, which formed the subject of an address 
given by Yon Helmholtz in reply to the addresses of 
congratulation on the occasion of his Jubilee. This is 
taken, by kind permission of the publisher, M. Hirschwald, 
iVSima collection of the addresses and speeches delivered 
on that occasion. 

E. ATKINSON. 

March 1893 f 


TRANSLATOR’S PREFACE!. 


In bringing this Translation of Helmholtz’s ■ Popular 
Scientific Lectures before the public, I have to thank Mr. 
A. J. Ellis for having placed at the disposal of the 
Publishers the translation of the third Lecture; and also 
Dr. Francis, the Editor of the 4 Philosophical Magazine,’ 
9 for giving me permission t^usethe translation of the fifth 
Lecture, which originally appeared in that Journal. 

In addition to the Editorial charge of the book, my 
own task has been limited to the translation of two of the 
Lectures. I should have hesitated to undertake the work, 
had I not from the outset been able to rely upon the aid 
of several gentlemen whose names are appended to the 
Contents. One advantage gained from this division of 
labour is, that the publication of the work has been 
accelerated; but a far more important benefit has been 
secured to it, in the co-operation of translators who have 
brought to the execution of tkeir task special knowledge 
<0f their respective subjects. 

E. ATKINSON. 
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In compliance with many requests, I beg to offer to the 
public a series of popular Lectures which I have delivered 
on various occasions. They are designed for readers who, 
without being professionally occupied with the study of 
* Natural Science, are yet interested in the scientific results 
of such studies. The difficulty, felt so strongly in printed 
scientific lectures, namely, that the reader cannot see the 
experiments, has ifi' the present case been materially 
lessened by the numerous illustrations which the publishers 
have liberally furnished. 

The first and second Lectures have already appeared in 
print; the first in a university programme, which, how¬ 
ever, was not published. The second appeared in the 
c Kieler Monatsschrift’ for May, 1853, but, owing to the 
restricted circulation of tha^ journal, became but little 
known; both have, accordingly, been reprinted. The 
*hird and fourth Lecture% have not previously appeared. 

These Lectures, called forth as they have been by 
incidental occasions, have not, of course, been composed 
in accordance with a rigidly uniform plan. Each of them . 
has been kept perfectly independent of the others. Hence * 
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some amount of repetition has been unavoidable, and the 
first four may perhaps seem somewhat confusedly thrown 
together. If I may claim that they have any leading 
thought, it would be that I have endeavoured to illustrate 
the essence and the import of Natural laws, and their 
relation to the mental activity of man. This se ems to me 
the chief interest and the chief need in Lectures before a 
public whose education has been mainly literary. 

I have but little to remark with reference to individual 
Lectures. The set of Lectures which treat of the 
Theory of Vision have been already published in the 
‘ Preussische Jahrbiicher,’ and have acquired, therefore, 
more of the character of Review articles. As it was 
possible in this second repriat to render many points " 
clearer by illustrations, I have introduced a number of 
woodcuts, and inserted in the text the necessary explan¬ 
ations. A few other small alterations have originated in 
my having availed myself of the results of new series of 
experiments. 

The fifth Lecture, on the Interaction of Natural 
Forces, originally published sixteen years ago, could not 
be left entirely unaltered in this reprint. Yet the alter¬ 
ations have been as slight as possible, and have merely 
been such as have become necessary by new expe rim ental 
facts, whieji partly confirm the statements originally made, 
and partly modify them. « • 

The seventh Lecture, on the Conservation of Force, 
developes still further a portion of the fifth. Its 
object is to elucidate the cardinal physical ideas of work, 
’and of its unalterability. The applications and conse- 



AUTHOR'S PREFACE. 


is 


quences of the law of the Conservation of Force are com¬ 
paratively more easy to grasp. They have in recent times 
been treated by several persons in a vivid and interesting 
manner, so that it seemed unnecessary to publish the cor¬ 
responding part of the cycle of lectures which I delivered 
on this subject; the more so as some of the more 
important subjects to be discussed will, perhaps in the* 
immediate future, be capable of more definite treatment 
than is at present possible. 

On the other hand, I have invariably found that the 
fundamental ideas of this subject always appear difficult 
of comprehension not only to those who have not passed 
through the school of mathematical®mechanics; but even 
to those who attack the subject with diligence and in¬ 
telligence,* and who possess a tolerable acquaintance with 
natural science. It is not to be denied that these ideas 
are abstractions of a quite peculiar kind. Even such a 
mind as that of Kant found difficulty in comprehending 
them; as is shown by his controversy with Leibnitz. 
Hence I thought it worth while to furnish in a popular 
form an explanation of these ideas, by referring them to 
many of the better known mechanical and physical ex¬ 
amples ; and therefore I have only for the present given 
the first Lecture of that series which is devoted to this 
object. 

The last Lecture w^s the opening address for the 
< Naturforscher-Yersammlung, , in Innsbruck. It was not 
delivered from a complete manuscript, but from brief 
notes, and was not written out until a year after. The 
present form has, therefore, no claim to be considered an * 
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accurate reproduction of that address. I have added it to 
the present collection, for in it I have treated briefly what 
is more fully discussed in the other articles. Its title to 
the place which it occupies lies in the fact that it attempts 
to bring the views enunciated in the preceding Lectures 
into a more complete and more comprehensive whole'. 

In conclusion, I hope that these Lectures may meet 
with that forbearance which lectures always require when 
they are not heard, but are read in print. 


THE AUTHOR. 
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INTRODUCTION. 


Lir the year 1850, when I was a student in the University of 
Marhurg, it was my privilege to translate for the ‘Philosophical 
Magazine ’ the celebrated memoirs of Clausius, then just pub¬ 
lished, on the Moving Force of Heat. 

In 1851, through the liberal courtesy of the late Professor 
Magnus, I was enabled to pursue my scientific labours in Ms 
• laboratory in Berlin One evening during my residence there 
my friend Dr. Bu Bois-Baymond put a pamphlet into my hands, 
remarking tha4 it was ‘theproduction of the first head in Europe 
since the death of Jacobi,’ and that it ought to he translated 
into English. Soon after my return to England I translated 
the essay and published it in the ‘Scientific Memoirs,’ then 
brought out under the joint-editorship of Huxley, Henfrey, 
.Francis, and mjself. 

This essay, Vhich was communicated in 1847 to the Physical 
Society of Berlin, has become sufficiently famous since. It was 
entitled *DieErhaltungder Kraft,’ audits authorwas Helmholtz 
originally Military Physician in Jhe Prussian service, afterwards 
Professor of Physiology in the Universities of Konigsberg and 
Heidelberg, and now Professor of Physics in the University of 

IvATi in *' 


Brought thus face to face with the great generalisation oi 
the Conservation of Energy, I nought, to the best of my ability 
o master it by independent thought in all its physical details! 
1 could not forget my indebtedness to Helmholtz and Clausius, 
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or fail to see the probable influence of their writings on tlio 
science of the coming time. For many years, therefore, it was 
my habit to place every physical paper published by these 
eminent men within the reach of purely English readers. 

The translation of the lecture on the 4 Wechselwirlamg clear 
hTaturkrafte/ printed in the following series, had this origin. 
It appears here with the latest emendations of the author 
ntroduced hy Dr. Atkinson. 

The evident aim of these Lectures is to give to those 'whose 
education has been mainly literary/ an intelligent interest 
in the researches of science. Even among such persons the 
reputation of Helmholtz is so great as to render it almost super¬ 
fluous for me to say that the intellectual nutriment here offered 
is of the very first quality. 

Soon after the publication cf the 4 Tonempfindungen' by 
Helmholtz, I endeavoured to interest the Messrs. Longman in the 
work, urging that the publication of a translation of it would 
be an honour to their house. They went carefully into the 
question of expense, took sage counsel regarding the probable 
sale, and came reluctantly to the conclusion that it would not 
be remunerative . 1 I then recommended the translation of these 
4 Popular© Vortrage/ and to this the eminent publishers imme¬ 
diately agreed. 

Hence the present volume, brought out under the editorship 
of hr. Atkinson, of the Staff College, Sandhurst. The names 
of the translators are, I thinkfa guarantee that their work will 
be worthy if their original. 

# J OHN TOTDAJLL r 

Loyal Iirstmmotf: , 

March 1873. /' 


1 Since the date of the foregoing letter from Professor Tyndall, Messrs. 
Longman & Co. have made arrangements for the translation of Helmholtz's 
2 'onwipfiriduuigmi, by Mr, Alexander J. Ellis, F.E.S. <kc. 
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GELATION OF NATURAL SCIENCE 1 
TO GENERAL SCIENCE. 

Academical Discourse delivered at Heidelberg, November 22, 1882, 
Br Du. H. HELMIIOLTf, sometime puobeotok. 


To-day we are met, according to annual custom, in grateful 
commemoration of an enlightened sovereign of this kingdom, 
Charles Frederick, who, in an age when the ancient fabric of 
European society seemed tottering to its fell, strove, with lofty 
purpose and untiring zeal, to promote the welfare of his sub- 

f^° V . e al1, their moraI and intellectual development. 
Kightly did he judge that by no means could he more effectually 
realise this beneficent intention thjn by the revival and the 
encouragement of this University. Speaking, as I do, on such 
an occasion, at once in the name and in the presence of the 
whole University, I have thought it well to try and take, as far 

1 The Gorman word Nature,*,™,daft has no exact equivalent in modem 
English, including, as it does, both the Physical and the Natural Sciences 
Cunously enough, m the original charter of the Royal Society, the phrase 
Natural Knowledge covers the same ground, but is there used in opposS 
* supernatural kn owledge. (Note in Buckle’s Civilisation, voL ii. p 8 4 ,.)- 
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as is peimifcted by tlie narrow standpoint of a single student, 
a general view of the connection of the several sciences, and of 
their study. 

It may, indeed, be thought that, at the present day, those 
relations between the different sciences which have led us to 
combine them under the name Universitas I/itterccruTn , hav© 
become looser than ever. "We see scholars and scientific men 
absorbed in specialities of such vast extent, that the mo.st 
univeisal genius cannot hope to master more than a small * 
section of our present range of knowledge. For instance, tho 
philologists of the last three centuries found ample occupation 
in the study of Greek and Latin ; at best they added to it the 
knowledge of two or three European languages, acquired for 
practical purposes. But now comparative philology aims at 
nothing less than an acquaintance with all the languages of all 
branches of the human family, in order to deduce from ther# 
the laws by which language itself has been formed, and to this 
gigantic task it has already applied itself with superhuman 
industry. Even classical philology is no loiter restricted to 
the study of those works which, by their artistic perfection 
and precision of thought, or because of the importance of their 
contents, have become models of prose and poetry to all age** 

On the contrary, we have learnt that every lost fragment of 
an ancient author, every gloss of a pedantic grammarian, every 
allusion of a Byzantine court-poet, every broken tombstone 
found in the wilds of Hungary or Spain or Africa, may con¬ 
tribute a fresh fact, or fresh evidence, and thus serve to increase 
our knowledge of the past. And so another group of scholars are 
busy with the vast scheme jf collecting and cataloguing, for the 
use of them successors, every avaikhlA . .. 


Add to'this, in history, the stndy of original document, So 
critical examination of parchmdhts and papers accumulated in 
the archives of states and of towns; the combination of details 
scattered up and down in memoirs, in correspondence, and in 
biographies; the deciphering of hieroglyphics and cuneiform in¬ 
scriptions; m natural history the more and more comprehensive 
classification of minerals, plants, and animals, as well living as 
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1,000 to r ,500 stars of magnitudes from the first to the fifth. 
At present several observatories are engaged in continuing these * 
catalogues down to stars of the tenth magnitude; so that up¬ 
wards of 200,000 fixed stars are to be catalogued and their places 
accurately determined. The immediate result of these obser¬ 
vations has been the discovery of a great number of new 
planets; so that, instead of the six known in 1781, there are 
now seventy-five. 1 

The contemplation of this astounding activity in all branches' 
of science may well make us stand aghast at the audacity of 
man, and exclaim with the Chorus in the ‘ Antigone *: ‘ Who 
can survey the whole field of knowledge i Who can grasp the 
clues, and then thread the labyrinth V One obvious consequence 
of this vast extension of the limits of science is, that every 
student is forced to choose a narrower and narrower field for 
his own studies, and can only keep up an imperfect acquaintance 
even with allied fields of reseafch. It almost raises a smile to 
hear* that in the seventeenth century Kepler was invited to 
Gratz as professor of mathematics and moraF philosophy: and 
that at Leyden, in the beginning of the eighteenth, Boerhave 
occupied at the same time the chairs of botany, chemistry, and 
clinical medicine, and therefore practically that of pharmacy as 
well. At present we require at least four professors, or, in an 
university with its full complement of teachers, seven or eight, 
to represent all these branches of science. And the same is 
true of other faculties. ~ . ' 

One of my strongest motives for discussing to-day the con¬ 
nection of the different sciences is that I am myself a student 
of natural philosophy; an$ that it has been made of late a 
reproach against natural philosophy that it has struck out a 
path of*its own, and has separated itself more and more wicjely r 
from the other sciences which are united by common philological 
and historical studies. This opposition has, in fact, been long 
apparent, and seems to me to have grown up mainly under the 
influence of the Hegelian philosophy, or, at any rate, to have 

1 At the end of November 1864, the 82nd of the small planets, Alomene. was 
discovered. There are now 109. 
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been brought out into move distinct relief by that philosophy. 
Certainly, at the end of the last century, when the Kan tian 
philosophy reigned supreme, such a schism had never been pro¬ 
claimed; on the contrary, Kant’s philosophy rested on. exactly 
the same ground as the physical sciences, as is evident from his 
own scientific works, especially from bis • Cosmogony,’ based 
upon Newton’s Law of Gravitation, which afterwards, under 
. . n ®' me of Laplace’s Nebular Hypothesis, came to be uni¬ 
versally recognised. The sole object of Kant’s ‘Critical Phi¬ 
losophy was to test the sources and the authority of our 
knowledge, and to fix a definite scope and standard for the 
researches of philosophy, as compared with other sciences. 
According to his teaching, a principle discovered a priori by 
pure thought was a rule applicable to the method of pure 
thought, and nothing further; it could contain no real, pos tivo 
knowledge. The ‘Philosophy of Identity’ 1 was bolder. It 
started with the hypothesis that not only spiritual phenomena, 
hut even the actual world—nature, that is, and man—were the 
result of an act of thought on the part of a creative mind, 
similar, it was supposed, in kind to the human mind. On this 
hypothesis it seemed competent for the human mind, even with¬ 
out the guidance of external experience, to think over again the 
thoughts of the Creator, and to rediscover them by its own 
inner activity. Such was the view with which the ‘ Philosophy 
of Identity set to work to construct a priori the results of 
other sciences. The process might be more or loss successful in 
matters of theology, law, politics, language, art, history, in short, 
in all sciences the subject-matter of which really grows out of 
our moral nature, and which are.therefore properly classed 
together under the name of moral sciences. The state, the 
chwch, art and language, exist.in order to satisfy certain moral 
needs of man. ^ Accordingly, whatever obstacles nature, or 
chance, or the rivalry of other men may interpose, the efforts of 
the humanmind to satisfy its needs, being systematically directed 
to one end, must eventually triumph over all such fortuitous 

.! “^because it proclaimed the identity not only of subject and obiect 
tot of contradictories, such as existence and non-existence.-Tm J ’ 
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hindrances. Under these circumstancca, if would n*4 fni a 
downright impossibility for a philosopher, starting (row an * %**<% 
knowledge of the mind, to predict the general cour*r i»f human 
development under the above-named combirai,-, * ; . u 

he has before his eyes a basis of observed fuels, on wbk.1i fa 
build his abstractions. Moreover, IIegel was train rb»% 
in his attempt to solve this problem, by tins pr**f<»«iticl mvl philo- 
sophical views on historical and scientific subjects wish which 
the writings of his immediite pradeensaora, both f*i 4a and phi 
losophers, abound. lie had, lor the tinmt part, only t* rmkrf 
and combine them, in order to produce a system cmlcaUitod t« 
impress people by a number of acuta and original olmrrniiom. 
He thus succeeded in gaining the eiitlinda4.tr approval rd m*m% 
of the educated men of bin time, and in raking mir^rngnmly 
sanguine hopes of solving the deepest enigmn of human life; nil 
the more sanguine doubtless,^ the mnwrtwn «f km mm«4n 
was disguised under a strangely aluttrarf mmi mm 

perhaps really understood by but few of bis pmUppem 

But even granting that Hegel was mom m km m*n in 
constructing, a prion , the leading iWt* of the moral mw****, 
still it was no proof of the mmmtmm of ill# hfp$Amh of 
Identity, with which he started. Tlm facts of Mlttao would 
liftve been the crucial test Tint In tlm mmm 1 setae's finess of 
the activity of the human intellect and of It*# amral steps of 
its development should present thwiitclves, wan a itwlt^r of 
course; but surely, if nature really rr&*t«i tlm mmli of tfe#t 
thought of a creative mind, the system might, wit hm»t i fltalty, 
to find a place for her atnijik ph< m$d 

prowess* It wrn *t thir point that llspl'e pW * j hy, w* 
venture to say, utterly broke d .v n. if. ” . . 

seemed, at least to natural phtbsmphrt*, eta) u*«., ? * &f* 

all the distinguished *mntkra ttirni who w«r§ hh mmUmm 


ingly, Hegel himself, Convinced t> f tj„. t , ..... 

for his philosophy in the Mi of phykrai setaoe (feu fWEOf* 
mtioa which had lx'cn «i ft : y wv-vh >i u, »t , •, 
launched out, with unuuu! vohmuauce and mdmmy, 
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the natural philosophers, and especially against Sir Isaac Newton, 
as the first and gieatest representative of physical investigation. 
The philosophers accused the scientific men of narrowness; the 
scientific men retorted that the philosophers were crazy. And 
so it came about that men of science began to lay some stress on 
the banishment of all philosophic influences from their work; 
while some of them, including men of the greatest acuteness, 
went so far as to condemn philosophy altogether, not merely as 
- useless, but as mischievous dreaming. Thus, it must be con¬ 
fessed, not only were the illegitimate pretensions of the Hegelian 
system to subordinate to itself all other studies rejected, but no 
regard was paid to the rightful claims of philosophy, that is, 
the criticism of the sources of cognition, and the definition of 
the functions of the intellect. 

In the moral scien es the course of things was different, 

* though it ultimately led to almost th% same result. In all 
branches of those studies, in*theology, politics, jurisprudence, 
aesthetics, philology, there started up enthusiast!: Hegelians, 
who tried to reform their several departments in accordance 
with the doctrines of their master, and, by the royal road of 
speculation, to reach at once the promised land and gather in 
the harvest, which had hitherto only been approached by long 
and laborious study. And so, for some time, a hard and fast 
line was drawn between the moral and the physical sciences ; 
in fact, the very name of science was often denied to the 
latter. 

The feud did not long subsist in its original intensity. The 
physical sciences proved conspicuously, by a brilliant series of 
discoveries and practical applications, that they contained a 
healthy germ of extraordinary fertility; it was impossible any 
^longer to withhold from them recognition and respect. And 
even in other departments <Jf science, conscientious investigators 
of facts soon protested against the over-bold fights of specu¬ 
lation. Still, it cannot be overlooked that the philosophy of 
Hegel and Schelling did exercise a beneficial influence; since their 
time the attention of investigators in the moral sciences had * 
been constantly and more keenly directed to the scope of those 
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sciences, and to their intellectual contents, and therefore i 
great amount of labour bestowed on those systems has i 
been entirely thrown away. 

We see, then, that in proportion as the experimental inv 
tigation of facts has recovered its importance in the moi 
sciences, the opposition between them and the physical scienc 
has become less and less marked. Yet we must not for£ 
that, though this opposition was brought out in an unnecessary 
exaggerated form by the Hegelian philosophy, it has its found 
tion in the nature of things, and must, sooner or later, ma 
itself felt. It depends partly on the nature of the intellectu 


processes the two groups of sciences involve, partly, as the 
very names imply, on the subjects of which they treat. It 
not easy for a scientific man to convey to a scholar or a jurist 
clear idea of a complicated process of nature ; he must demar 
of them a certain pow€r of abstraction from the phenomena, i 
well as a certain skill in the use €>f geometrical and mechanic 
conceptions, in which it is difiicult for them to follow him. 0 
the other hand an artist or a theologian will perhaps find th 
natural philosopher too much inclined to mechanical an 
material explanations, which seem to them commonplace, an 
chilling to their feeling and enthusiasm. JSTor will the schola 
or the historian, who have some common ground with th 
theologian and the jurist, fare better with the natural phile 
sopher. They will find him shockingly indifferent to literal- 
treasures, perhaps even more indifferent than he ought to be t 
the history of his own science. In short, there is no denyim 
that, while the moral sciences deal directly with the neares 
and dearest interests of the human mind, and with the insci 
tutions it has brought into being, the natural sciences are con 
cerned with dead, indifferent matter, obviously indispensabh 
for die sake of its practical utility, but apparently without am 
immediate bearing on the cultivation of the intellect. 

It has been shown, then, that the sciences have branched 
out into countless ramifications, that there has grown up 

* etW !r“ gr ° UpS ° f them a real and dee P 1 7 felt opposi- 
ion, that finally no single intellect can embrace the whole range 
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or even a considerable portion of it. Is it still reasonable to 
keep them together in one place of education ? Is the union 
o± the four faculties to form one University a mere relic of the 
Middle Ages? Many valid arguments have been adduced for 
separating them. Why not dismiss the medical faculty to the 
hospitals of our great towns, the scientific men to the Poly¬ 
technic Schools, and form special seminaries for the theologians 
and jurists? Long may the German universities be preserved 
from such a fate ! Then, indeed, would the connection between 
the different sciences be finally broken. How essential that 
connection is, not only from an university point of view, as 
tending to keep alive the intellectual energy of the country, hut 
also on material grounds, to secure the successful application of 
that energy, will be evident from a few considerations. 

Piist, then, I would say that union of the different faculties 
^is necessary to maintain a healthy equilibrium among the in¬ 
tellectual energies of students. • Each study tries certain of our 
intellectual faculties more than the rest, and strengthens them 
accordingly by constant exercise. But any sort of one-sided 
development is attended with danger; it disqualifies us for 
using those faculties that are less exercised, and so renders us 
less capable of a general view; above all it leads us to overvalue 
ourselves. Any one who has found himself much more suc¬ 
cessful than others in some one department of intellectual labour, 
is apt to forget that there are many other things which they can 
do better than he can : a mistake—I would have every student 
remember—which is the worst enemy of all intellectual 
activity. 

. . How man y men of ability have forgotten to practise that 
criticism of themselves which is so* essential to the student, and 
so hard to exercise, or have been completely crippled in their 
pfogiess, because they haveP thought dry, laborious drudgery 
beneath them, and have devoted all their energies to the quest 
of brilliant theories and wonder-working discoveries I How 
many such men have become bitter misanthropes, and put an end 
to a melancholy existence, because they have failed to obtain 
among their fellows that recognition which must be won by 

K 
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labour and results, but which i« ever withheld !Wis mere m\f mn* 
scions genius! And the more isolated n num the more liable 
is he to this danger; while, on the other Imml nothing U imin? 
inspiriting than to feel yourself forced to strain every nerve tc# 
win the admiration of men whom yon, in ymir turn, nm*i t»dmir*?. 

In comparing the intellectual in rolwd in the 

pursuit of the several branches of acienott, ** are struck by 
certain generic differences, dividing one group of sciences from 
another. At the same time it must not be forgotten that mmy * 
man of conspicuous ability him hie own in» nt >1 * * mn # 

which fits him for one line of thought rather than another* 
Compare the work of two motempoiwy immtignlmm even 
in closely allied branches of adeno*, and yon will generally 
able to convince yourself that tli« uiora «li«f ingm*h«d the iiir-n *r*» 
the more clearly clow their individuality eome not, and the |««*» 


To-day I can, of course, do inching m«ra t mm 
some of the most .general of these 

I have already noticed the enormous wmmmf the materials 
accumulated by science. It is obvious tlmt thu (Mentation 
and arrangement of them must be profn*r«lotmteiy jwftat, if 
we are not to be hopelessly lost in the mesa of eradlthm* 
One of the reasons why w«c;mi f *r mi y.\m mw j«r»dr* «"**.<« * 
in each individual study k that they imm shown os imw to 
organise our knowledge. 
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learning buried in catalogues, lexicons, and indexes looks as 
bare and uninviting as the soil of a farm; the uninitiated cannot 
see or appreciate the labour and capital already invested there; 
to them the work of the ploughman seems infinitely dull, weary, 
and monotonous. But though the compiler of a lexicon or of 
a system of natural history must be prepared to encounter 
labour as weary and as obstinate as the ploughman’s, yet it 
need not be supposed that his work is of a low type, or that it is 
by any means as dry and mechanical as it looks when we have 
it before us in black and white. • In this, as in any other sort of 
scientific work, it is necessary to discover every fact by careful 
observation, then to verify and collate them, and to separate 
what is important from what is not. All this requires a 
man with a thorough grasp both of the object of the 
compilation and of the matter and - methods of the science; 
and for such a man every detail has its bearing on the 
whole, and its special interest. Otherwise dictionary-making 
would be the vilest drudgery imaginable. 1 That the influence 
of the progressive development of scientific ideas extends to 
these works is obvious from the constant demand for new 
lexicons, new natural histories, new digests, new catalogues of 
stars, all denoting advancement in the art of methodising and 
organising science. 

But our knowledge is not to lie dormant in the shape of 
catalogues. The very fact that we must carry it about in black 
and white shows that our intellectual mastery of it is incomplete. 
It is not enough to be acquainted with the facts; scientific 
knowledge begins only when their laws and their causes are un¬ 
veiled. Our materials must b^ worked up by a logical process; 
and the first step is to connect like with like, and to elaborate a 
-i general conception embracing them all. Such a conception, as 
the name implies, takes a number of single facts together, and 
stands as their representative in our mind. We call it a general 
conception, or the conception of a genus, when it embraces a 
number of existing objects; we call it a law when it embraces a 
belies of incidents or occurrences. When, for example, I hav® 

1 Condendaque lexica mandat damnatis.—Ta. 

V 
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made out that all mammals—that is, all warm-blo 
parous amma s—breathe through lungs, have two cb 
the heart, and at least three tympanal bones, I need 
remember these anatomical peculiarities in the indivi 
of the monkey, the dog, the horse, and the whale: ti 
rule includes a vast number of single instances, and 
hem m my memory. When I enunciate the law of 5 
not only does this law embrace all cases of rays fall 
possible angles on a plane surface of water, and info 
the result, but it includes all cases of rays of any colon 
on transparent surfaces of any form and any constitut 
soever. This law, therefore, includes an infinite n 
cases, which it would have been absolutely impossible 
m one s memory. Moreover, it should be noticed that 
does this law include the cases which we ourselves or o 
have already observed, but that we shall not hesitate U 
to new cases, not yet observed, witfc absolute eonfidenc 
reliability of our results. I n the same way, if we woj 
a new species of mammal, not yet dissected, we afb en 
assume with a confidence bordering on a certainty, the 
hings, two chambers in the heart, and three or more t; 

Thus when' we combine the results of experience 1 
cfss of thought, and form conceptions, whether general 
tions or laws we not only bring our knowledge into a 
which it can be easily used and easily retained, but we 
en arge it, inasmuch as we feel ourselves entitled to ext 
rules and the laws we have discovered to all airnil ft T , 
may be hereafter presented to u$. 

The above-mentioned examples are of a class in wb 
mental process of combining a number of single cases ; 
form conceptions is unattended by farther difficulties and 
toly followed inall its stage. But in oonpZZ 

to no w COmp elj to separate *** fecta from imli 
* LTl b r hem ^ a dear well - de(ia ed conception, j 
*hat we know a man to be ambitious; we shall perhaps 

to predict with tolerable certainty that if he has to act 
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certain conditions, he will follow the dictates of his ambition, 
and decide on a certain line of action. But, in the first place 
ve cannot define with absolute precision what consZtes an 

is to be "I? 1 "’ 7 7 Wkat S - andard the intensit ^ 0f his ambition 
of ambiti 7 nor ’ a ? ain ’ can wa say precisely what degree 

on the a Z m 7 d6r t0 impress tKe ^ direction 

TJnrJ 1 ^ maU 6r th0S6 P articular circumstances. 

Accordingly, we institute comparisons between the actions of 

, m ^ ue f tl0n > as far as we have hitherto observed them 

and those of other men who in similar cases have acted as he 

ti&oTb b 1 draW ° UrinferenCe reS P ectia g his Mature actions 
without being able to express either the major or the minor pre¬ 
miss m a clear, sharply defined form-perhaps even without hav¬ 
ing convinced ourselves that our anticipation rests on such an 
analogy as I have described. In such cases our decision proceeds 
* from a certain psychological instinct, not from conscious 
reasoning, though m reality *e have gone through an intellectual 
piocess identical with that which leads us to assume that a 
newly discovered mammal has lungs. 

This latter kind of induction, which can never be perfectly 
assimdated to forms of logical reasoning, nor pressed so far as to 
establish universal laws, plays a most important part in human 
i s. The whole of the process by which we translate our sen¬ 
sations into perceptions depends upon it, as appears especially 
from the investigation of what are called illSLs. For in- 
stance, when the retina of the eye is irritated by a blow we 
imagine we see a light in our field of vision, because we ha™ 
throughout our lives, felt irritation in the optic nerves only 
when there was light in the field of vision, and have become 
accustomed to identify the sensations of those nerves with the 
presence of light in the field of vision. Moreover, such is the 
complexly of the influences affecting the formation both tf 
character m general and of the mental condition at any viy 6n 
moment, that this same kind of induction necessarily pk ys a 
adingpart in the investigation of psychological processes/ In 
foot, m ascribing to ourselves free-will, that is, full power to act „ * 
we please without being subject to a stern inevitable law of 


i' 


u 


OX THE RELATION OF 


causality, wo deny in toio the posiiblity of referring itt Irani mm 
of the ways in which our mental activity m\mn-m it* if to a 
rigorous law. 

We might possibly, in opposition to l&jtcul hmuttmm whirls 
reduces a question to clearly defined universal |iro|*'*il«oi»t, mil 
this kind of reasoning mifmtic becaime It in mmt n»n* 

spicuous in the higher dims of works of art. It h mt 
part of an artist’s talent to reproduce by words# by form, by 
colour, or by music, the external indications of * mm. 

state of mind, and by a kind of insfimim I?4 inm, n c m 
trolled by any definable rule, to mxm iho mammy atop* by 
which we pass from one mood to another. If wo do find that 
the artist has consciously worked after grfimtl ntlm mml stoimc- 
tions, we think his work poor and ctmiiuoftpWw, and *:mm to 
admire. On the contrary, the works of great artlaU bring I m* 
fore us characters and moods with inch a liMUu4»Mi t with noth 
a wealth of individual traits and §mk an ovnrwhelming mm* 
viction of truth, that they almost mm tot* mmv «ml ilwn tint 
reality itself, because all disturbing mihn-.umm mm^lmm».ud 4 

Now if, after these reflections, we pmmi to twlirw ifet 
different sciences, mid to vhi;Afy tj*» u< n t w * ib 1 

by which they must arrive at their n nil, mm mm kwmghl (m i 
to face with a generic difference \mmmu the aftttitol and the 
moral sciences, Tbtf ntfumi M’i* n*v mm tor tin* part in 
a position to reduce their Imlmtkm to dmrplf Mmml mmml 
rules and principle*; the u or» , ■ ^ •« - » 

to fry tor the most mmmm t m i, to «to with mnlrnfam 
arrived at by psychological Hob logy, in w> fur m it 

is concerned with the iiitorpiHattoi* and tmmdmm of || * 
texte handed down to tm, nini *rk to fel tint* m§ it «*««, th« 
meaning which the author intended to exility and 
notions which he wWe 4 lib w»i<h to s - v .« ,i i . < ,i p l4r ,* 
pose it is mmwy to start with » mu* *• *, d.i, | to into to* 
personality of the author, and Into the grn in4b»- 
in which he wrote. Ail this aff.-i. , r h, 
f ofc f0r 8fcrk:t| y *»gi«d, induction, J< i U , 
judg»$gfet, if you have readyin your urn *»i> a g*. 4 i.p.b, ^ 
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similar facts, to be instantaneously confronted with the question 
you are trying to solve. Accordingly, one of the first requisites 
for studies of this class is an accurate and ready memory. 
Many celebrated historians and philologists have, in fact, 
astounded their contemporaries by their extraordinary strength of 
memory. Of course memory alone is insufficient without a 
knack of everywhere discovering real resemblance, and without 
a delicately and fully trained insight into the springs of human 
action; while this again is unattainable without a certain 
warmth of sympathy and an interest in observing the working 
of. other men’s minds. Intercourse with our ffillow-men in 
daily life must lay the foundation of this insight, but the study 
of history and art serves to make it richer and completer, for 
there we see men acting under comparatively unusual conditions 
and thus come to appreciate the full scope of the energies which 
# lie hidden in our breasts. • ° 

None of this group of sciemes, except grammar, lead us, as a 
rule, to frame and enunciate general laws, valid under all circum¬ 
stances. The 4aws of grammar are a product of the h uman 
will, though they can hardly be said to have been framed de¬ 
liberately, but rather to have grown up gradually, as they were 
wanted.. Accordingly, they present themselves to a learner 
rather in the form of commands, that is, of laws imposed bv 
external authority. . J 

With these sciences theology and jurisprudence are naturally 
connected. In Fact, certain branches of history and philology 
serve both as stepping-stones and as handmaids to them. The 
general laws of theology and jurisprudence are likewise com¬ 
mands, laws imposed by external^ authority to regulate, from a 
moral or juridical point of view, the actions of mankind; not 
which, like those of nature, contain generalisations from a 
vast multitude of facts. At the same time the application of a 
grammatical, legal, moral, or theological rule is couched, like the 
application of a la w of nature to a pai ticular case, in the forms of 
logical inference. The rule forms the major premiss of the 
syllogism, while the minor must settle whether the case in qnes- • 
tion satisfies the conditions to which the rule is intended to 
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apply. The solution of this latter problem, whether in gram- 
matical analysis, where the meaning of a sentence i« to he 
evolved, or in the legal criticism of the credibility of the fact* 
alleged, of the intentions of the parties, or of tho meaning »>f 
the documents they have put into court, will, in most cares, I*, 
again a matter of psychological insight. On the other ban,!, it 
should not be forgotten that both the syntax of fully devdopwi 
languages and a system of jurisprudence gradually elaborated, as 
ours has been, by the practice of more than 2,000 years,' have 
reached a high pitch of logical oomplntcttm and <x>n»iitt««tM<y; 
that, speaking generally, the cam* which do not obviously fall 
under some one or other of the laws actually laid down are quite 
exceptional. Such exceptions there will always be, for the I*gi». 
lation of man can never have the absolute oorudstem-y and 
perfection of the laws of nature. In such cares there is no 
course open hut to try and guess the intention of tho fagfaUtor; . 
or, if needs lx), to supplement it after the analogy or ku decisions 
in similar cases. 


Grammar and jurisprudence hare a tmMC advantage » 
means of training the intellect, inasmuch m they tax pretty 
equally all the intellectual powers. Oh this account woondary 
education among modem European nation* is based mainly 
upon the grammatical study of foreign language*. The mother 
tongue and modem foreign languages, when acquired anhdt by 
practice, do not call for any con-oh,to j, i , i ij . J 

though we may cultivate by n,re,.a of thmo m . W „„ 
artistic beauty of expression. The 
Latin and Greek, have, I,.-. id, >i. Y . . . 

and assthetic beauty, an additional t>: •. 
to possess in common with mo,, ,v ,i 

-they indicate accurately the reluf . ... .. . 

to each other hy nnmcreuK and di :li.n i •; I 

are, as it wore, abraded by lun, n - ; ... , 

are cut down to a minimum for fl, ... ;., 

Jumprttdencc.—* * h ' 9 Ummm 
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• ^ ^ thuS made iess and l«s definite, as is 

SSSST- T7fT 0f any mod6m European language 

antotl^ g . Pr ° CeSS taS ? one further than in 
an 7 other. This seems to me to be really the reason why the 

• fe - s “ th » “• “* ** ^ 

As grammar is the staple of school education, legal studies 
axe use , an rightly, as a means of training persons of maturer 

,“ y ° ’ ® V6n When EOt s P eciall 7 required for professional purposes. 

e now come to those sciences which, in respect of the hind 
of intellectual labour they require, stand at the opposite end 
, th ® f nea t0 Pedology and history ; namely, the nitural and 

even of fT^ 1 d ° n0t m6an t0 Say that in “any branches 
even of these sciences an instinctive appreciation of analogies 

nd a certain artistic sense have no part to play. On the 

are toTelo 1 oWl tUral decisioa which characteristics 

retobe looked upon as importSnt for classification, and which 

^ ^important, what divisions of the animal and vegetable 
kingdoms, are nfcre natural than others, is really left" to an 

AndTt is atl 8 klnd ’ aC t fciDg With ° Ut any Stlictl y definable rule. 
And rtrs a very suggestive fact that it was an artist, Goethe 

h ° gave the dnpulse to the researches of comparative 
anatomy into the analogy of corresponding organs in different 
arnmak, and to the parallel theory of the metamorpS of 
leaves m the vegetable kingdom- and tW i„ rT , 
pouited out the direction which the science his follow’edTver 
since. But even m. those departments of science where we 
have to do with the least understood vital proces^ I 7s 
speaking generally, far easier to make out general nnA J ’ 
Wv, md principles, . nd * 

language, than in. cases where we must base our judgment on 
he analysis of the human mild. It is only when wf 7ome to 
experimental sciences to which mathematics are appl el 
d es l ieciall 7 ^en we come to pure mathematics, that\ve 

mittedtoholi differed™ si' 10 !' 1 , JZSLZZj SStortS ' 
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see the peculiar characteristics of the natural itncl filii* 
sciences fully brought out. 

The essential differentia of them science* mmm to mm to 
consist in the comparative case with which the imUvhhml 
results of observation and experiment are vmuhhml midrr 
general laws of unexceptionable validity mm 1 of an extra* 
ordinarily comprehensive character. In the mom! arieaoc*, mi 
the other hand, this is just the point where insuperable clifti 
culties are encountered. In mathematics the general pmfM*- 
sitions which, under the name of axioms, stand at tli« bred of 
the reasoning, are so few in number, m eonpieiivfisivp, ami m 
immediately obvious, that no proof whatever in newtled fur 
them. Let me remind you that tho whole of algebra and 
arithmetic is developed out of the three axioms 

‘ Things which are equal to the mmm things are r«|uai to 
one another/ 

1 If equals be added to cqua&t, the wholes »rm equal/ 

' If unequals be added to equals, the wholes are ttnrqtml/ 
And the axioms of geometry and mmlmutM mm mm mmm 
numerous. The sciences we have named are developed ml ot 
these few axioms by a continual prmm of ihnhnxUm fmm 
them in more and more mmplimtvd emm, Afcpthm, how ■ 
does not confine itself to finding the awn of the mml (mere, 
geneous combinations of a Unlit* umnh y «a i * , - . * 

, the higher analysis it teaches m to sum inf i f « , 

he twins of ahirb hrr »‘|- ii n Mi .; i; ./ . 
various laws; to m\v% in fctf» pmhkmn which muU n*i. 

complete by direct rnldMen. An ii,s v^ *.* r , 
us the conscious logical aegvity of the mind f*i lie purest awl 
most perfect form. On the orm band we tiee the kharkiai nmtittft 
of the process, the extreme mmtim with wUbh it b 
to advance*, the accuracy reqnfmi N d * . . , * 
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in the universe a+h-^L 7 Particle of ponderable matter 

o universe attracts every other nartiVla nn'+h r 

zzr^j t; of z 

With the th *‘ «• k » of gravitation, to delete 

•^srhrstziic^ti* 0 ' 1 - 

«Z. V 12'// ”t“ of "“ h “ r " f **<» « Z r p o“'o 

in the movement,offcnbfeT*”'! ‘ be ot ,bk law 

s. , ‘ oe “ t z: 

•uth?iitxszr^zf r ji ?— 

equalled or even surpa sedT “ P ,° Wer ° f abstraet i°n have . 
who «W«^2K££TV“ d “* ““h"-!—m, ' 
out to if legitimate rtrL^eXh™ “ 

presented to the human mmol * ’u , e bas ncver been 
those involved and comnle U ° an a<bm h' a ble subject as 
hitherto iJJt,Zj£“Zr‘,? “ 8 P 1 *"*. which 
S Mhan a ot,,„.,„„ ;Z"? r ,“ d f " ““ “aolofid „p„. 
law, capable of r,„Zt .IS 17 ” d "‘* d *« * 4,* 

detail of their motion, *“°“ l ° f “* “»««,« 

wX7pSw^ , £ fi r d r r " 7k ™ *- ~ 

physical optics ,,,,] ,h, fc oiy o/dSrioitT“T' ''' Uch 

especially worthy of notice/*The eaperimenrtl“^“““”? *™ 

®. great advantage over the natnral 'SnZsZ £?“ 
tion of general laws of nature • tW „ , m the ltlTC£ ^ga- 

conditions under which a given resiilt take^T ** J \f 8nre the 
confine themselves to a small number "of ch ^ ° an thus * 

m order t0 <fc«)T«r the law. Of course iteva^t ° 1Mtances ’ * 

course lts validity must then 

02 y - "*%$< 

*■ . ■ VV 

■ ^ / , k ’’ ^ ’ //' 
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stand the test of application to more complex cases. Accord¬ 
ingly the physical sciences, when once the right methods have 
been, discovered, have made proportionately rapid progress. 
Not only have they allowed ns to look back into primaeval 
chaos, where nebulous masses were forming themselves into 
suns and planets, and becoming heated by the energy of their 
contraction; not only have they permitted us to investigate 
the chemical constituents of the solar atmosphere and of the 
remotest fixed stars, but they have enabled us to turn the' 
forces of surrounding nature to our own uses and to make them 
the ministers of our will. 

Enough has been said to show how widely the intellectual 
processes involved in this group of sciences differ, for the most 
part, from those required by the moral sciences. The mathe¬ 
matician need have no memory whatever for detached facts, the 
physicist hardly any. Hypotheses based on the recollection ctf 
similar cases may, indeed, be useful to guide one into the right 
track, but they have no real value till they have led to a precise 
and strictly defined law. Nature does not alloC us for a moment 
to doubt that we have to do with a rigid chain of cause and 
effect, admitting of no exceptions. Therefore to us, as her 
students, goes forth the mandate to labour on till we have dis¬ 
covered unvarying laws; till then we dare not rest satisfied, for 
then only can our knowledge grapple victoriously with time 
and space and the forces of the universe. 

The iron labour of conscious logical reasoning demands great 
perseverance and great caution; it moves on but slowly, and is 
rarely illuminated by brilliant fashes of genius. It knows 
littld of that facility with ^hich the most varied instances come 
thronging into the memory of the philologist or the historian. 
Bather is it an essential condition of the methodical progress of 
mathematical reasoning that thS mind should remain concen¬ 
trated on a single point, undisturbed alike by collateral ideas on 
the one hand, and by wishes and hopes on the other, and moving 
on steadily in the direction it has deliberately chosen. A cele¬ 
brated logician, Mr. John Stuart Mill, expresses his conviction 
that the inductive sciences have of late done more for the advance 
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Of bgical methods than the labours of philosophers properly so 
cahed. One essential ground for such an assertion must un¬ 
doubtedly be that in no department of knowledge can a fault 
m the chain of reasoning be so easily detected by the incorrect¬ 
ness of the results as in those sciences in which the results of 
reasoning can be most directly compared with the facts of 
nature. 

Though I have maintained that it is in the physical sciences 
.and especially m such branches of them as are treated mathe¬ 
matically that the solution of scientific problems has been most 
successfully achieved, you will not, I trust, imagine that I wish 
to depreciate other studies in comparison with them. If the 
natural and physical sciences have the advantage of great per¬ 
fection m form, it is the privilege of the moral sciences to deal 
with a richer material, with questions that touch more nearly 
the interests and the feelings of men, with the human mind 
itself m feet, m its motives a*d the different branches of its 
activity They have, indeed, the loftier and the more difficult 
task, but yet the* cannot afford to lose sight of the example of 

dttill f ’ W , A in f ° rm at lmt ’ W > owin « t0 “ore 

ductile nature of their materials, made greater progress. Not 
on y h a v e they something to learn from them in point of method, 
ut they may also draw encouragement from the greatness of 

lessons*f U ^ thmk that our a 8 e has learnt many 

lessons from the physical sciences. The absolute, unconditional 

reverence for facts, and the fidelity with which they are col- 
ected,_a certain distrustfulness of appearances, the effort to 
detect in all cases relations of cause and effect, and the tendency 
to assume their existence, which distinguish our century from 
preceding ones, seem to me to poinfto such an influence 

* *°*ob t0 deeply into the question how fir 

mathematical studies, as the representatives of conscious logical 
leasomng should take a more important place in school educa- 
lon. But it is, m reality, one of the questions of the day fn 
proportion as the range of science extends, its system and or- 
gamsationnmst be improved, and it must inevitably come about 
that individual students will find themselves compelled to go ' 
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through a Stricter course of training than grammar is in a 

of Students StTikeS ^ in my ° Wn ex P erien ce 

ot students who pass from our classical schools to scientific and 

inedmal studies, is, first, a certain laxity, in the applicatL 0 f 

have b a UmVerSal . la T S ' Th ® S rammatic al rules in which they 
Lave been exercised are for the most part followed bv lon» 

reW r C r li nS; tb ^ are not in the habit of 

fi-om a l mP + r t y ° n the certaint r ®f a legitimate deduction 
fiom a strictly universal law. Secondly, I find them for the- 

most part too much inclined to trust to authority, even in cat 

phfioToS T 8 ? f0 - m an “ dependent t 

the whfir f t ^ lnasmuch as is seldom possible to take in 
* • r , 0f P remisses at- a glance, and inasmuch as the de 

for°he 0f t dlSP r d queStions often de P e “ ds <» an aesthetic feeling 
for beauty of expression, and for the genius of the language 

, , lna f on ^ ^ on £ training, it must often happen that tha 

r 1 ‘ o 1 r a “ te * «* iL it* 

Loth faults are traceable to a certain indolence and vagueness 
of thought, the sad effects of which are note-confined to sub- 

hoth ri to C, W S ? dieS ‘ But Mnlj the best rem <% for 
oth n, to be found in mathematics, where there is absolute 

ceitamty in the reasoning, and no authority is recognised but 
tnat of one’s own intelligence 

exefcisSfor the ?? TT* }*“** ° f ™ considered as 
that respect Kl “ te eC ,’ “ d . as supplementing each other in 
ear th Th ?« not the sole object of man upon 
eaith. Though the sciences arouse and educate the subtlest 
powers of the mind, yet a man who should study simply for the 
sake of knowing would assuredly not fulfil the purpos ; of his 
existence. We often see men of considerable endowment to 

livel'h g0 1 ° r bad f ° Vtlme has secured a comfortable 
livelihood or good social position* without giving them at the 

r» r USm " e ”W enough J m ,{, 2 

diaggmg out a weary, unsatisfied existence, while all the time 
they fancy they are following the noblest aim of life by constantlv 
devoting themselves to the increase of their knowledge and thn 
cultivation of than- mind*. ^ ^ 
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trorth living; and therefore he must aim either at the practical 
application of his knowledge, or at the extension of the limits 
of science itself. For to extend the limits of science is really to 
work for the progress of humanity. Thus we pass to the second 
ink, uniting he different sciences, the connection, namely, 
between the subjects of which they treat. 

Knowledge is power. Our age, more than any other, is in a 
position to demonstrate the truth of this maxim. We have 
• taught the forces of inanimate nature to minister to the wants 
of human life and the designs of the human intellect. The 
application of steam has multiplied our physical strength a 
ulhon-fold; weaving and spinning machines have relieved us 
of labours the only merit of which consisted in a deadening 
monotony. The intercourse between men, with its far-reaehin^ 
influence on material and intellectual progress, has increased to 
exfcenfc °f Jhich no one could have even dreamed within the 
lifetime of the older among u* But it is not merely on the 
machines by which our powers are multiplied; not merely on 
rifled cannon amfl armour-plated ships; not merely on accumu- 
latedstores of money and the necessaries of life, that the power of 
a nation rests: though these things have exercised so unmistak- 
a le an influence that even the proudest and most obstinate des¬ 
potisms of our times have been forced to think of removing restric¬ 
tions on industry, and of conceding to the industrious middle classes 
a due voice m them councils. But political organisation, the 
administration of justice, and the moral discipline of individual 
citizens are no less important conditions of the preponderance 
of civilised nations; and so surely as a nation remains in¬ 
accessible to the influences of civilisation in these respects so 

ditiS, 18 f ° n , tlie f 1§h r ° ad t0 destruction - The several con- 
di| 10 ns of national prosperity act and react on each other¬ 
where the administration of justice is uncertain, where the 
interests of the majority cannot be asserted by legitimate means 
the development of the national resources, and of the power’ 
ependmg upon them, is impossible; nor, again, is it possiblo 
to make good soldiers except out of men who have learnt under . 
just laws to educate the sense of honour that characterises an' 
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independent man, certainly not out of those -who have lived the 
submissive slaves of a capricious tyrant. 

Accordingly every nationis interested in the progress of know 
ledge on the simple ground of self-preservation, even -were there no 
higher wants of an ideal character to be satisfied; and not merely 
in the development of the physical sciences, and their technical 
application, but also in the progress of legal, political, and moral 
sciences, and of the accessory historical and philological studies. 

No nation which would be independent and influential can afford 

to be left behind in the race. Nor has this escaped the notice of the 
cultivated peoples of Europe. Never before was so large a part 
of the public resources devoted to universities, schools, and 
scientific institutions. "We in Heidelberg have this year occasion 
to congratulate ourselves on another rich endowment granted by 
our government and our parliament. 

I was speaking, aif the beginning of my address, of the in-, 
creasing division of labour and the improved organisation among 
scientific workers. In fact, men of science form, as it were, an 
organised army labouring on behalf of the w&ole nation, and 
generally under its direction and at its expense, to augment the 
stock of such knowledge as may serve to promote industrial 
enterprise, to increase wealth, to adorn life, to improve politicaland 
social relations, and to further the moral development of indivi¬ 
dual citizens. After the immediate practical results of their work 
we forbear to inquire; that we leave to the uninstructed. We 
are convinced that whatever contributes to the knowledge of 
the forces of nature or the powers of the human mind is worth 
cherishing, and may, in its own due time, bear practical fruit 
very often where we should least have expected it. Who when 
Galvani touched the muscle's of a frog with different metals 
and noticed their contraction, could have dreamt that eighty 
years afterwards, in .virtue of the self-same process, who*! 
earhest manifestations attracted his attention in his anatomical 
researches, all Europe would he traversed with wires, flashing 
mtefligence from Madrid to St. Petersburg with the speed of 
ightmng In the hands of Galvani, and at first even in 
Volta s, electrical currents were phenomena capable of exerting 
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6nly the feeblest forces, and could not be detected except by the 
most delicate apparatus. Had they been neglected, on the 
ground that the investigation of them promised no immediate 
practical result, we should now be ignorant of the most import¬ 
ant and most interesting of the links between the various forces 
of nature. When young Galileo, then a student at Pisa, noticed 
one day during divine service a chandelier swinging backwards 
and forwards, and convinced himself, by counting his pulse, that 
the duration of the oscillations was independent of the arc 
through which it moved, who could know that this discovery 
would eventually put it in our power, by means of the pendulum, 
to attain an accuracy in the measurement of time till then 
deemed impossible, and would enable the storm-tossed seaman 
in the most distant oceans to determine in what degree of longi¬ 
tude he was sailing ? 

Whoever, in the pursuit of science, seeks after immediate 
practical utility, may general!^ rest assured that he will seek in 
vain. All that science can achieve is a perfect knowledge and a 
perfect understanding of the action of natural and moral forces. 
Each individual student must be content to find his reward in 
rejoicing over new discoveries, as over new victories of mind 
over reluctant matter, or in enjoying the aesthetic beauty of a 
well-ordered field of knowledge, where the connection and the 
filiation of .every detail is clear to the mind, and where all 
denotes the presence of a ruling intellect; he must rest satisfied 
with the consciousness that he too has contributed something to 
the increasing fund of knowledge on which the dominion of man 
over all the forces hostile to intelligence reposes. He will, 
indeed, not always be permitted ip expect from his fellow-men 
appreciation and reward adequate to the value of his work. It 
on ly true that many a man to whom a monument has 
been erected after Ms death would have been delighted to receive 
during his lifetime a tenth part of the money spent in doin'* 
honour to his memory. At the same time, we must acknowledge 
that the value of scientific discoveries is now far more fully recog¬ 
nised than formerly by public opinion, and that instances of the * 
authors of great advance in science starving in obscurity have 
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become rarer and rarer. On the contrary, the governments and 
peoples of Europe have, as a rule, admitted it to be their doty 
to recompense distinguished achievements in science by appro* 
priate appointments or special rewards. 

The sciences have then, in this respect, all one common aim, 
to establish the supremacy of intelligence over the world: 
while the moral sciences aim directly at making the resources of 
intellectual life more abundant and more interesting, and seek 
to separate the pure gold of truth from alloy, the physical 
sciences are striving indirectly towards the same goal, inasmuch 
as they labour to make mankind more and more independent of 
the material restraints that fetter their activity. Each student 
works in his own department, he chooses for himself those tasks 
for which he is best fitted by his abilities and his training. 
But each one must be ^convinced that it is only in connection 
with others that he can further the great work, and that therefore « 
he is hound, not only to investigate, but to do his utmost to 
make the resuts of his investigation completely and easily 
accessible. If lie does this, he will derive assistaJbe from others, 
and will in his turn be able to render them his aid. The annals 
of science abound in evidence how such mutual services have 
been exchanged, even between departments of science apparently 
most remote. Historical chronology is essentially based on 
astronomical calculations of eclipses, accounts of which are pre¬ 
served in ancient histories. Conversely, many of the important 
data of astronomy—for instance, the invariability of the length 
of the day, and the periods of several comets—rest upon ancient 
historical notices. Of late years, physiologists, especially Briicke, 
have actually undertaken to draw up a complete system of all 
the vocables that can be produced by the organs of speech, and to 
base upon it propositions for an universal alphabet, adapted 1*> 
all human languages. Thus physiology has entered the service 
of comparative philology, and has already succeeded in account¬ 
ing for many apparently anomalous substitutions, on the ground 
that they are governed, not as hitherto supposed, by the laws of 
# euphony, but by similarity between the movements of the mouth 
that produce them. Again, comparative philology gives us 
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information about tbe relationships, the separations, anrl the 
migrations of tribes in prehistoric times, and of the degree of 
civilisation which they had reached at the time when they 
parted. For the names of objects to which they had already 
learnt to give distinctive appellations reappear as words common 
to their later languages. So that the study of languages actually 
gives us historical data for periods respecting which no other 
historical evidence exists. 1 Yet again I may notice the help 
which not only the sculptor, but the archaeologist, concerned 
with the investigation of ancient statues, derives from anatomy. 
And if I may be permitted to refer to my own most recent studies, 
I would mention that it is possible, by reference to physical 
acoustics and to the physiological theory of the sensation of 
hearing, to account for the elementary principles on which our 
musical system is constructed, a problem essentially within the 
* sphere of aesthetics. In fact, jt is a general principle that the 
physiology of the organs of sense is most intimately connected 
with psychology, inasmuch as physiology traces in our sensations 
the results of fnental processes which do not fall within the 
sphere of consciousness, and must therefore have remained in ac¬ 
cessible to us. 

I have been able to quote only some of the most striking 
instances of this interdependence of'different sciences, and such 
as could he explained in a few words. Naturally, too, I have 
tried to choose them from the most widely separated sciences. 
But far wider is of course the influence which allied sciences 
exert upon each other. Of that I need not speak, for each of 
you knows it from his own experience. 

In conclusion, I would say, le4 each of us think of himself, 
not as a man seeking to gratify his own thirst for knowledge! 
or to promote his own private advantage, or to shine by his 
own abilities, but rather as a fellow-labourer in one great com¬ 
mon work bearing upon the highest interests of humanity. 
Then assuredly we shall not fail of our reward in the approval 
of our own conscience and the esteem of our fallow-citizens. 

1 See, for example, Mommsen’s Rome, Book I. ch. ii.—T r. 
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To keep up these relations between all searchers after truth and 
all branches of knowledge, to animate them all to vigorous co¬ 
operation towards their common end, is the great office of the 
Universities. Therefore is it necessary that the four faculties 
should ever go hand in hand, and in this conviction will wo 
strive, so far as in us lies, to press onward to the fulfilment of 
our great mission. 







GOETHE’S SCIENTIFIC EESEAECHES. 


A Lecture delivered before the German Society of Konigsberg, in the 
Spring of 1853. 


* It could not but be that Goethe, whos?> comprehensive genius 
was most strikingly apparent In that sober clearness with which 
he grasped and reproduced with lifelike freshness the realities 
of nature and iuman life in their minutest details, should, by 
those very qualities of his mind, he drawn towards the study of 
physical science. And in that department, he was not content 
with acquiring what others could teach him, but he soon at¬ 
tempted, as so original a mind was sure to do, to strike out an in¬ 
dependent and a very characteristic line of thought. He directed 
his energies not only to the descriptive but also to the experi¬ 
mental sciences; the chief results being his botanical and 
osteologies! treatises on the one hand, and his theory of colour 
on the other. The first germs of these researches belong for 
the most part to the last decade of the eighteenth century, 
though some of them were not completed nor published till 
Jater. Since that time science has not only made great progress 
but has widely extended ife range. It has assumed in some 
respects an entirely new aspect, it has opened out new fields of 
research and undergone many changes in its theoretical views. 

I shall attempt in the following Lecture to sketch the rela¬ 
tion of Goethe's researches to the present standpoint of science, • 
and to bring , out the guiding idea that is common to them all. 
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The peculiar character of the descriptive sciences- botany, 
zoology, anatomy, and the like- —m a necessary result «*f the 
work imposed upon them. They undertake to collect and si t 
an enormous mass of facts, and, almve all, to bring tie m into a 
logical order or system. Up to this point their work is only 
the dry task of a lexicographer; their system is nothing morn 
than a muniment-room in which the accumulation of jw.jwr* is 
so arranged that any one can find what ho wants at any moment. 
The more intellectual part of their work and tluir m«! intrr.sst 
only begins when they attempt to fed after the d »,«.. t 

of law and order in the disjointed, lictoi<)"nn'i.ir, j„, • , and >mt 
of it to construct for themselves an orderly system. «»,••> ,t 
a glance, in which every detail has its duo place, and gains 
additional interest from its connection with the whole. 

In such studies, Loth the organising capacity and the insight, 
of our poet found a congenial sphere—the epoch was moreover , 
propitious to him. He found Aady to bis band a sufficient 
store of logically arranged material* in botany and comparative 


.. _■>> _ r—— enuugn w aunr.t > J n r- t 

hensivo view, and to indicate tho way to some happy glimpse 
of an all-pervading law; wbil® his mitemponutea, if the f «,.* J., 
any efforts in this direction, wandered without a ismi'mm ,< r 
else they were so absorbed in the dry mgktratmu of hot*, ifc*| 
they scarcely ventuied to think of anything beyond. It wm 
reserved for Goethe to introduce two hlea# of infinite fm,^ 
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(anguished from all other animals by the absence of the 
projecting snout, has, on the contrary, on each side only one 
bone, the upper jaw-bone, containing all the teeth. This being 
so, Goethe discovered in the human skull faint traces of the 
sutures which in animals unite the upper and middle jaw-bones, 
and concluded from it that man had originally possessed an 
intermaxillary bone, which had subsequently coalesced with the 
upper jaw-bone. This obscure fact opened up to him a source 
of the most intense interest in the field of osteology, generally 
so much decried as the driest of studies. That details of 
structure should be the same in man and in animals when the 
parts continue to perform similar functions had involved 
nothing extraordinary. In fact, Oampar had already attempted, 
on this principle, to trace similarities of structure even between 
man and fishes. But the persistence of this similarity, at least 
in a rudimentary form, even in a cascfwhen it evidently does 
not correspond to any of the lequirements of the complete 
human structure, and consequently needs to be adapted to 
them by the coalescence of two parts originally separate, was 
what struck Goethe’s far-seeing eye, and suggested to him a 
far more comprehensive view than had hitherto been taken. 
Further studies soon convinced him of the universality of his 
newly discovered principle, so that in 1795 and 1790 he was 
able to define more clearly the idea that had struck him in 1780 
and to commit it to writing in his ‘ Sketch of a General Intro- 
ductibn to Comparative Anatomy.’ He there lays down with 
the utmost confidence and precision that all differences in the 
structure of animals must be looked upon as variations of a 
single primitive type, induced byjfche coalescence, the alteration 
the increase, the diminution, or oven the complete removal of 
single parts of the structure; the very principle, in fact, which 
has become the leading idea of comparative anatomy in its 
present stage. Nowhere has it been better or more clearly ex¬ 
pressed than in Goethe’s writings. Subsequent authorities have 
made but few essential alterations in his theory. The moat 
important of these is, that we no longer undertake to construct . 
a common type for the whole animal kingdom, but are content 
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with one for each of Cuvier’s great divisions. The industry of 
Goethe’s successors has accumulated a well-sifted stock of facts, 
infinitely more copious than what he could command, and has 
followed up successfully into the minutest details what he.could 
.only indicate in a general way. 

The second leading conception which science owes to Goethe 
enunciated the existence of an analogy between the different 
parts of one and the same organic being, similar to that which 
we have just pointed out as subsisting between corresponding 
'parts of different species. In most organisms we see a great 


repetition of single parts. Tins is most striking in the veget¬ 
able kingdom ; each plant has a great number of similar stem 
leaves, similar petals, similar stamens, and so on. According 
to Goethe’s own account, the idea first occurred to him while look¬ 
ing at a fan-palm at Padua. He was struck by the immense 
variety of changes oi* form which the successively developed 
stem-leaves exhibit, by the way ©in which the first simple root 
leaflets are replaced by a series of more and more divided leaves, 
till we come to the most complicated. $ 

He afterwards succeeded in discovering the transformation 
of stem-leaves into sepals and petals, and of sepals and petals 
into stamens, nectaries, and ovaries, and thus he was led to the 
doctrine of the metamorphosis of plants, which he published in 
1790. Just as the anterior extremity of vertebrate animals 
takes different forms, becoming in man and in apes an arm, in 
other animals a paw with claws, or a forefoot with a hoof, or a 
fin, or a wing, but always retains the same divisions, the same 
position, and the same connection with the trunk, so the leaf 
appears as a cotyledon, stem-leaf, sepal, petal, stamen, nectary, 
ovary, &c., all resembling eacH other to a certain extent in origin 
and composition, and even capable, under certain unusual con¬ 
ditions, of passing from one form ircto the other, as, for example, 
may be seen by any one who looks carefully at a full-blown rose, 
where some of the stamens are completely, some of them partially, 
changed into petals. This view of Goethe’s, like the other, is 
now completely adopted into science, and enjoys the universal 
assent of^%e tm 6ts r .-ih some details are still 
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matters of controversy, as, for instance, whether the bud is a 
BingJe leaf or a branch. 

In the animal kingdom, the composition of an individual 
out of several similar parts is very striking in the great sub¬ 
kingdom of the articulata—for example, in insects and worms The 

nuTw ? ° rthe i Caterpilkr ° f a butterf ^ consists of a 

,, b ® r ° f P erf f t] y Slmilar segments; only the first and last of 
. hem differ, and that but slightly, from the others. After their 
• transformation into perfect insects, they furnish clear and simnle 
exemplifications of the view which Goethe had grasped in his 
doctrine of the metamorphosis of plants, the development 
namely, of apparently very dissimilar forms from parts origin¬ 
ally alike. The posterior segments retain their original simple 
foim; those of the breastplate are drawn closely together and 
develop feet and wings, while those of the head develop jaws 
wind feelers j so that in the perfect insect, the original segments 
aie recognised only m the pos&rior part of the body. In the 
vertebrate, again, a repetition of similar parts is suggested by 
the vertebral colimn, but has ceased to be observable in the ex- 
ternal form. A fortunate glance at a broken sheep’s skull 
which Goethe found by accident on the sand of the Lido at 
Venice, suggested to him that the skull itself consisted of a series 
of very much altered vertebrae. At first sight, no two things 
can be more unlike than the broad uniform cranial cavity of the 
mammalia, inclosed by smooth plates, and the narrow cylindrieal 
tube of the spinal marrow, composed of short, massy, jagged 
bones. It was a bright idea to detect the transformation in 
the skull of a mammal; the similarity is more striking in the 
amphibia and fishes. It should be,added that Goethe left this 
idea unpublished for a long time, apparently because he was not 
quite sure how ft would be received. Meantime, in 1806 the 
same idea occurred to Oken, Ao introduced it to the scientific 
world, and afterwards disputed with Goethe the prioritv of 
discovery. Jn fact, Goethe had waited till 1817, when the 
opinion had begun to find adherents, and then declared that he 
had had it m his mind for thirty years. Up to the present day * 
the number and composition of the vertebra of the skull area 
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subject of controversy, but the principle has maintained its 
ground. 

. Goethe ’ s views > however, on the existence of a common type 
in the animal kingdom do not seem to have exercised any direct 
influence on the progress of science. The doctrine of the meta¬ 
morphosis of plants was introduced into botany as his distinct 
and recognised property; but his views on osteology were at 
first disputed by anatomists, and only subsequently attracted 
attention when the science had, apparently on independent- 
grounds, found its way to the same discovery. He himself com¬ 
plains that his first ideas of a common type had encountered 
nothing but contradiction and scepticism at the time when 
he was working them out in his own mind, and that even 
men of the freshest and most original intellect, like the two 
Yon Humboldts, had listened to them with something like 
impatience. But it is almost a matter of course that in any 
natural or physical science, theoretical ideas attract the attention 
of its cultivators only when they are advanced in connection 
with the whole of the evidence on which tlfty rest, and thus 
justify their title to recognition. Be that as it may, Goethe is 
entitled to the credit of having caught the first glimpse of the 
guiding ideas to which the sciences of botany and anatomy were 
tending, and by which their present form is determined. 

But great as is the respect which Goethe has secured by his 
achievements in the descriptive natural sciences, the denuncia¬ 
tion heaped by all physicists on his researches in their depart¬ 
ment, and especially on his ‘ theory of colour,’ is at least as uncom¬ 
promising. This is not the place to plunge into the controversy 
that raged on the subject, and so I shall only attempt to state 
c ear yt e points at issue, and to explain what principle was 
involved, and wbat is the ktent significant of the dispute. 

To this end it is of some importance to go back to the history 
of the origin of the theory, and to its simplest form, because at 
that stage of the controversy the points at issue ar % obvW and 
a ^ mi * easjr and distinct statement, unincumbered by disputes 
about the correctness of detached facts and complicated theories. 

Goethe himself describes very gracefully, in the confession at 
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• sublet Th v 17 t 0olOUr ’’ W lle came t0 feke up the 

• J i \ F j, lng Plmself unable to grasp the esthetic principles 
involved in effects of colour, he resolved to resume thestudy of 
the physical theory, which he had been taught at the university 

Witb+bT eat i UmSelf th ® ex P™ts connected with it.’ 
With that view he borrowed a prism of Hofrath Blitter, of Jena 

but was prevented by other occupations from carrying out his 
p an, and kept it by him for a long time unused. The owner of 
tnepnsm, a very orderly man, after several times asking in vain 
sent a messenger with instructions to bring it back directly.’ 
Goethe took it out of the case, and thought he would take one 
more peep through it. To make certain of seeing something, he 
turned it towards a long white wall, under the impression that 
as there was p enty of light there he could not fail to see a 
hant example of the resolution of light into different colours • 

theo^of T’ b ; 7 the Way ’ Wh * h shows how Httle Newton’s 
theory of the phenomena was then present to his mind Of 

course he was disappointed. On the white wall he saw no 

obiects ’ 4 hey °r^ i ap i peared wtere ii: was bounded by darker 
objects. Accordingly he made the observation-which, it should 

be added, is fully accounted for by Newton’s theory-that 

. r Z* b6 ,f e8n thT0Ugh a prism where a dark object 
and a bright one have the same boundary. Struck by this 
observation, wbfah „, s ^ to Mm, Zi JvSALT 

was nreconcilable with Newton’s theory, he induced the owner 
of the prism to relent, and devoted himself to the question with 
the utmost zeal and interest. He prepared sheets of paper with 
black and white spaces, and studied the phenomenon under 
every variety of condition, until he thought he had sufficiently 
proved his rules. He next attempted to explain his supposed 
discovery to a neighbour, who. was a physicist, and was dis¬ 
agreeably surprised to be assured by him that the experiments 
were well known, and fully accounted for in Newton’s theory! 

veiy other Satural philosopher whom he consulted told him 
exactly the same, including even the brilliant Lichtenber^ 
whom he tried for a long time to convert, but in vain. £ 
studied Newton’s writings,- and fancied he had found some 
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fallacies in them which accounted for the error. Unable to con¬ 
vince any of his acquaintances, he at last resolved to appear 
before the bar of public opinion, and in 1791 and 1/92 published 
the first and second parts of his 4 Contributions to Physical 
Optics.’ 

In that work he describes the appearances presented by white 
discs on a black ground, black discs on a white ground, and 
coloured discs on a black or white ground, when examined 
through a prism. As to the results of the experiments, there is 
no dispute whatever between him and the physicists. He de- 
• scribes the phenomena he saw with great truth to nature; the 
style is lively, and the arrangement such as to make a conspectus 
of them easy and inviting; in short, in this as in all other cases 
where facts are to be described, he proves himself a master. At 
the same time he expresses his conviction that the facts he has 
adduced are calculated to refine Newton’s theory. There are 
two points especially which he considers fatal to it: first, that 
the centre of a broad white surface remains white when seen 
through a prism; and secondly, that even a black streak on a 
white ground can be entirely decomposed into colours. 

Newton’s theory is based on the hypothesis that there exists 
light of different kinds, distinguished from one another by the 
sensation of colour which they produce in the eye. Thus there 
is red, orange, yellow, green, blue, and violet light, and light of 
all intermediate colours. Different kinds of light, or differently 
coloured lights, produce, when mixed, derived colours, which to 
a certain extent resemble the original colours from which they 
are derived; to a certain extent form new tints. White is a 
mixture of all the before-named colours in certain definite pro¬ 
portions. But the primitive colours can always be reproduced 
by analysis from derived colour^ or from white, while themselves 
incapable of analysis or change. The cause of the colours of 
transparent and opaque bodies is, that when white light falls 
upon them they destroy some of its constituents and send to 
the eye other constituents, but no longer mixed in the right 
proportions to produce white light. Thus a piece of red glass 
looks red because it transmits only red rays. Consequently aD 
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colour is derived solely from a change in the proportions in 
which light is mixed, and is, therefore, a property of light, not 
of the coloured bodies, which only furnish an occasion for its 
manifestation. 

A prism refracts transmitted light; that is to say, deflects it 
so that it makes a certain angle with its original direction; the 
rays of simple light of different colours have, according to 
Newton, different refrangibilities, and therefore, after refraction 
•in the prism, pursue different courses and separate from each 
other. Accordingly a luminous point of infinitely small dimen¬ 
sions appsars, when seen through the prism, to be first displaced, 
and, secondly, extended into a coloured line, the so-called pris- 
matic spectrum, which shows what are called the primary 
colours in the order above-named. If, however, you look at a 
broader luminous surface, the spectra of the points near the 
middle are superposed, as may be seen froifl a simple geometrical 
investigation, in such proportions as to give white light, except 
at the edges, where certain of the colours are free. This white 
surface appears <Jjisplaced, as the luminous point did; but in¬ 
stead of being coloured throughout, it has on one side a margin 
of blue and violet, on the other a margin of red and yellow. A 
black patch between two bright surfaces may be entirely covered 
by their coloured edges; and when these spectra meet in the 
middle, the red of the one and the violet of the other combine 
to form purple. Thus the colours into which, at first sight, it 
seems as if the black were analysed are in reality due, not to 
the black strip, but to the white on each side of it. 

It is evident that at the first moment Goethe did not recol¬ 
lect Newton’s theory well enough to be able to find out the 
physical explanation of the facts I have just glanced at. It was 
afterwards laid before him again and again, and that in a 
thoroughly intelligible form, tor he speaks about it several times 
in terms that show he understood it quite correctly. But he is 
still so dissatisfied with it that he persists in his assertion that 
the facts just cited are of a nature to convince any one who 
observes them of the absolute incorrectness of Newton’s theory. # 
Neither here nor in his later controversial writings does he ever 
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clearly state in what he conceives the insufficiency of the ex¬ 
planation to consist. He merely repeats again and again that 
it is quite absurd. And yet I cannot see how any one, -whatever 
his views about colour, can deny that the theory is perfectly 
consistent with itself; and that if the hypothesis from which it 
starts he granted, it explains the observed facts completely and 
even simply. Newton himself mentions these spurious spectra 
in several passages of his optical works, without going into 
any special elucidation of the point, considering, of course, that ♦ 
the explanation follows at once from his hypothesis. And he 
seems to have had good reason to think so; for Goethe no sooner 
began to call the attention of his scientific friends to the pheno¬ 
mena than all with one accord, as he himself tells us, met his 
difficulties with this explanation from Newton’s principles, which, 
though not actually in his writings, instantly suggested itself to 
every one who knew them. 

A reader who tries to realise attentively and thoroughly 
every step in this part of the controversy is apt to experience at 
this point an uncomfortable, almost a painful, %ling to see a man 
of extraordinary abilities persistently declaring that there is an 
obvious absurdity lurking in a few inferences apparently quite 
clear and simple. He searches and searches, and at last unable, 
with all his efforts, to find any such absurdity, or even the ap¬ 
pearance of it, he gets into a state of mind in which his own 
ideas are, so to speak, crystallised. But it is just this obvious, 
flat contradiction that makes Goethe’s point of view in 1702 so 
interesting and so important. At this point he has not as yet 
developed any theory of his own; there is nothing under dis¬ 
cussion hut a few easily grasped facts, as to the correctness of 
which both parties are agreed, and yet both hold distinctly 
opposite views; neither of them even understands what his 
opponent is driving at. On the <me side are a number of phy¬ 
sicists, who, by a long series of the ablest investigations, the 
most elaborate calculations, and the most ingenious inventions 
have Drought optics to such perfection that it, aid it alone, 
among the physical sciences, was beginning almost to rival 
astronomy in accuracy. Some of them, have made the pheno- 
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mena the subject of direct investigation; all of them, thanks 
to the accuracy with which it is possible to calculate beforehand 
the result of every variety in the construction and combination 
of instruments, have had the opportunity of putting the infer¬ 
ences deduced from Newton’s views to the test of experiment, 
and all, without exception, agree in accepting them. On the other 
«ide is a man whose remarkable mental endowments, and 
whose singular talent for seeing through whatever obscures 

• reality, we have had occasion to recognise, not only in poetry, but 
also in the descriptive parts of the natural sciences; and this 
man assures us with the utmost zeal that the physicists are 
wrong: he is so convinced of the correctness of his own view, 
that he cannot explain the contradiction except by assuming 
narrowness or malice on their part, and finally declares that he 
cannot help looking upon his own achievement in the theory of 

# colour as far m °re valuable than anything he has accomplished 

* in poetry. 1 9 

So flat a contradiction leads us to suspect that there must 
be behind some # deeper antagonism of principle, some difference 
of organisation between his mind and theirs, to prevent them 
from understanding each other. I will try to in dicate in the 
following pages what I conceive to be the grounds of this anta¬ 
gonism. 

Goethe, though he exercised his powers in many spheres 
of intellectual activity, is nevertheless, par excellence, a poet. 
Now in poetry, as in every other art, the essential thing is to 
make the material of the art, be it words, Or music, or colour, 
the direct vehicle of an idea. In a perfect work of art, the idea 
must be present and dominate the whole, almost unknown to 
the poet himself, not as the result of a long intellectual process, 
hut as inspired by a direct intuition of the inner eye, or by an 
outburst of excited feeling. » 

An idea thus embodied in a work of art, and dressed in the 
giirb of reality, does indeed make a vivid impression by appeal¬ 
ing directly to the senses, but loses, of course, that universality 
and that intelligibility which it would have had if presented in 
1 See Eckermaim’s Conversation* 
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the form of an abstract notion. The poet, feeling how the 
charm of his works is involved in an intellectual process of this 
type, seeks to apply it to other materials. Instead of trying to 
arrange the phenomena of nature under definite conceptions, 
independent of intuition, he sits down to contemplate them as 
he would a work of art, complete in itself, and certain to yield 
up its central idea, sooner or later, to a sufficiently susceptible 
student. Accordingly, when he sees the skull on the Lido, 
which suggests to him the vertebral theory of the cranium, he 
remarks that it serves to revive his old belief, already confirmed 
by experience, that Nature has no secrets from the attentive 
observer. So again in his first conversation with Schiller on 
the ‘Metamorphosis of Plants/ To Schiller, as a follower of 
Kant, the idea is the goal, ever to be sought, but ever unattain¬ 
able, and therefore never to he exhibited as realised in a phe¬ 
nomenon. Goethe, fin the other band, as a genuine poet, 
conceives that he finds in the phenomenon the direct expression 
of the idea. He himself tells us that nothing brought out 
more sharply the separation between himself and Schiller. 
This, too, is the secret of his affinity with the natural philosophy 
of Schelling and Hegel, which likewise proceeds from the 
assumption that Nature shows us by direct intuition the several 
steps by which a conception is developed. Hence too the ardour 
with which Hegel and his school defended Goethe’s scientific 
views. Moreover, this view of Nature accounts for the war 
which Goethe continued to wage against complicated experi¬ 
mental researches. J ust as a genuine work of art cannot bear 
retouching by a strange hand, so he would have us believe 
Nature resists the interference of the experimenter who tortures 
her and disturbs her; and, in revenge, misleads the impertinent 
kill-joy by a distorted image of herself. 

Accordingly, in his attack upofc Newton he often sneers at 
spectra, tortured through a number of narrow slits and glasses, 
and commends the experiments that can be made in the open air 
under a bright sun, not merely as particularly easy and parti* 
cularly enchanting, but also as particularly convincing ! The 
poetic turn of mind is very marked even in liis morphological 









ON GOETHE’S SCIENTIFIC RESEARCHES. 


41 


researches. If we only examine what has really been accom¬ 
plished by the help of the ideas which he contributed to science, 
we shall be struck by the very singular relation which they bear 
to it. No one will refuse to be convinced if you lay before him 
the series of transformations by which a leaf passes into a 
stamen, an arm into a fin or a wing, a vertebra into the occipital 
bone. The idea that all the parts of a flower are modified leaves 
reveals a connecting law which surprises us into acquiescence. 
But now try and define the leaf-like organ, determine its essential 
characteristics, so as to include all the forms that we have named. 
You. will find yourself in a difficulty, for all distinctive marks 
vanhh, and you have nothing left, except that a leaf in the 
wider sense of the term is a lateral appendage of the axis of 
a plant. Try then to express the proposition ‘the parts of the 
flower are modified leaves ’ in the language of scientific defi- 
• nition, and it reads, ‘the parts of the flower are lateral appen¬ 
dages of the axis.’ To see thi^cloes not require a Goethe. So 
again it has been objected, and not unjustly, to the vertebral 
theory, that it 2*Lust extend the notion of a vertebra so much 
that nothing is left but the bare fact—a vertebra is a bone. Wo 
are equally perplexed if we try to express in clear scientific 
language what we mean by saying that such and such a part of 
one animal corresponds to such and such a part of another. We 
do not mean that their physiological use is the same, for the 
same piece which in bird serves as the lower jaw, becomes 
in mammals a tiny tympanal bone. Nor would the shape, the 
position, or the connection of the part in question with other 
parts serve to identify it in all cases. But yet it has been found 
possible in most cases, by following the intermediate steps, to 
determine with tolerable certainty which parts correspond to 
each other. Goethe himself said this very clearly: he says, in 
speaking of the vertebral thory of the skull, ‘Such an apergu, 
such an intuition, conception, representation, notion, idea, or 
whatever gou choose to call it, always retains something 
esoteric and indefinable, struggle as you will against it’; as a 
general principle, it may be enunciated, but cannot be proved ; 
in detail it may be exhibited, but can never be put in a cut and 
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dry form.’ And so, or nearly so, the problem stands to this 
day. The difference may be brought out still more clearly if wo 
consider how physiology, which investigates the relations of vital 
processes as cause and effect, would have to treat this idea of a 
common type of animal structure. The science might ask, Is 
it, on the one hand, a correct view, that during the geological 
periods that have passed over the earth, one species has been 
developed from another, so that, for example, the breast-fin of 
the fish has gradually changed into an arm or a wing ? Or 
again, shall we say that the different species of animals were 
created equally perfect—that the points of resemblance between 
them are to be ascribed to the fact that in all vertebrate animals 
the first steps in development from the egg can only be effected 
by Nature in one way, almost identical in all cases, and that 
the later analogies of structure are determined by these features, 
common to all embr/5s \ Probably the majority of observer^, 
incline to the latter view, 1 f$r the agreement between the 
embryos of different vertebrate animals, in the earlier stages, is 
veiy striking. Thus even young mammals kive occasionally 
rudimentary gills on the side of the neck, like fishes. It seems, 
in fact, that what are in the mature animals corresponding parts 
originate in the same way during the process of development, so 
that scientific men have lately begun to make use of embryology 
as a sort of check on the theoretical views of comparative ana¬ 
tomy. It is evident that by the application of the physiological 
views just suggested, the idea of a common type would acquire 
definiteness and meaning as a distinct scientific conception. 
Goethe did much : he saw by a happy intuition that there was a 
law, and he followed up the indications of it with great shrewdness. 
But what law it was he did not see; nor did he even try to 
find it out. That was not in his line. Moreover, even in the 
present condition of science, a definite view on the question is 
impossible; the very form in which it should be proposed is 
scarcely yet settled. And therefore we readily admit that in this 
department Goethe did all that was possible at the time when he 
lived. I said just now that he treated nature like a work of 
1 Ibis was written before the appearance of Darwin’s Origin of Species. 
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art. In his studies on morphology, he reminds one of a spectator 
at a play, with strong artistic sympathies. His delicate instinct 
makes him feel how all the details fall into their places, and 
work harmoniously together, and how some common purpose 
governs the whole; and yet while this exquisite order and sym¬ 
metry give him intense pleasure he cannot formulate the dominant 
idea. That is reserved for the scientific critic of the drama, 
while the artistic spectator feels perhaps, as Goethe did in the 
1 presence of natural phenomena, an antipathy to such dissection, 
fearing, though without reason, that his pleasure may be spoilt 
by it. 

Goethe’s point of view in the Theory of Colour is much the 
same. We have seen that he rebels against the physical theory 
just at the point where it gives complete and consistent expla¬ 
nations from principles once accepted. Evidently it is not the 
* insufficiency of the theory to explain individual cases that is a 
stumbling-block to him. He*takes offence at the assumption 
made for the sake of explaining the phenomena, which seem to 
him so absurd, 4hat he looks upon the interpretation as no inter¬ 
pretation at all. Above all, the idea that white light could he 
composed of coloured light seems to have been quite inconceiv¬ 
able to him; at the very beginning of the controversy, he rails 
at the disgusting Newtonian white of the natural philosophers, 
an expression which seems to show that this was the assumption 
that most annoyed him. 

Again, in his later attacks on Newton, which were not 
published till after his Theory of Colour was completed, he 
rather strives to show that Newton’s facts might he explained 
on his own hypothesis, and that therefore Newton’s hypothesis 
was not fully proved, than attempts to prove that hypothesis 
inconsistent with itself or with the facts. Nay, he seems to 
consider the obviousness of hfe own hypothesis so overwhelming, 
that it need only be brought forward to upset Newton’s entirely. 
There are only a few passages where he disputes the experiments 
described by Newton. Some of them, apparently, he could not 
succeed in refuting, because the result is not equally easy to 
observe in all positions of the lenses used, and because he waa 
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unacquainted with the geometrical relations by which the most 
favourable positions of them are determined. In other experi¬ 
ments on the separation of simple coloured light by means of 
prisms alone, Goethe’s objections are not quite groundless, inas¬ 
much as the isolation of single colours cannot by this means be 
so effectually carried out, that after refraction through another 
prism there are no traces of other tints at the edges. A com¬ 
plete isolation of light of one colour can only be effected by 
ver y carefully arranged apparatus, consisting of combined 
prisms and lenses, a set of experiments which Goethe postponed 
to a supplement, and finally left unnoticed. When he complains 
of the complication of these contrivances, we need only think 
of the laborious and roundabout methods which chemists must 
often adopt to obtain certain elementary bodies in a pure form • 
and we need not be surprised to find that it is impossible to 
solve a similar probleth in the case of light in the open air in a 
garden, and with a single prism 4n one’s hand. 1 Goethe must, * 
consistently with his theory, deny in toto the possibility of 
isolating pure light of one colour. Whether^he ever experi¬ 

mented with the proper apparatus to solve the problem remains 
doubtful, as tbe supplement in which he promised to detail 
these experiments was never published. 

To give some idea of the passionate way in which Goethe, 
usually so temperate and even courtier-like, attacks Newton, I 
quote from a few pages of the controversial part of his work 
the following expressions, which he applies to the propositions 
of this consummate thinker in physical and astronomical 
science * incredibly impudent'; ‘ mere twaddle’ j ‘ ludicrous ex¬ 
planation ; ‘admirable for school-children in a go-cart’; ‘ but I 
see nothing will do but lying, and plenty of it.’ 2 

1 I venture to add that I am acquainted with the impossibilitv of decom- 
posmg or ch^ng simple coloured light, the two principles which form the 
baa., of Newton’s theory, not merely by hearsay, but from actual observation 
aving been under the necessity in one of my own researches of obtaining light 
of one colour m a state of the greatest possible purity. (See Poggendotff’s 

Somite lxxxvi ;. p : ® 01 > ‘® Slr D - Brewster’s New Analysis of Sunlight .) 
hn,r ^T S P aralle * t0 extraordinary proceeding of Goethe’s may be 
found in Hobbes s attack on Wallis._ Tb. * w 
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Thus, in the theory of colour, Goethe remains faithful to 
his principle, that Nature must reveal her secrets of her own 
free will • that she is but the transparent representation of the 
ideal world. Accordingly, he demands, as a preliminary to the 
investigation of physical phenomena, that the observed facts 
shall be so arranged that one explains the other, and that thus 
we may attain an insight into their connection without ever 
having to trust to anything hut our senses. This demand of 
his looks most attractive, but is essentially wrong in principle. 
For a natural phenomenon is not considered in physical science 
to be fully explained until you have traced it back to the 
ultimate forces which are concerned in its production and its 
maintenance. Now, as we can never become cognisant of forces 
qua forces, hut only of their effects, we are compelled in every 
explanation of natural phenomena to leave the sphere of sense, 

• and to pass to things which are not Objects of sense, and are 
defined only by abstract conceptions. When we find a stove 
warm, and then observe that a fire is burning in it, we say, 
though some^at inaccurately, that the former sensation is 
explained by the latter. But in reality this is equivalent to say¬ 
ing, we are always accustomed to find heat where fire is burn¬ 
ing ; now, a fire is burning in the stove, therefore we shall find 
heat there. Accordingly we bring our single fact under a more 
general, better-known fact, rest satisfied with it, and call it 
falsely an explanation. Evidently, however, the generality of the 
observation does not necessarily imply an insight into causes; such 
an insight is only obtained when we can make out what forces 
are at work in the fire, and how the effects depend upon them. 

Bat this step into the region of abstract conceptions, which 
must necessarily be taken if we wish to penetrate to the causes 
of phenomena, scares the poet away. In writing a poem he 
has been accustomed to look, as it were, right into the subject, 
and to reproduce his intuition without formulating any of the 
steps tha^led him to it. And his success is proportionate to 
the vividness of the intuition. Such, is the fashion in which ho 
would have Nature attacked. But the natural philosopher in- # 
gists on transporting him into a world of invisible atoms and 
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movements, of attractive and repulsive forces, whw Iritrirst** 
actions and reactions, though governed !>y strict law*, am 
scarcely 1)0 taken in at a glance. To him the impression* «»f 
sense are not an irrefragable authority; he examine)* w hat claim 
they have to be trusted; he asks whether things which they 
pronounco alike are really alike, and whether things who h they 
pronounce different are really different; and often finds that he 
must answer, no! The result of such examination, ** »t pmwtsl 
understood, is that the organs of sense do indeed give ns informa, 
tion about external effects produced on them, but « y tb.»- < 
effects to our consciousness in a totally different form, so that 
the character of a sensuous perception depends not m much on 
the properties of the object perceived ns on those of the organ 
by which we receive the information. Ail that the optic nerve 
conveys to us, it conveys under the form of a sensation of light, 
■whother it to the rays of the sun, or a blow in the rye, or an 
electric current passing through ft. Again, the auditory nerve 
translates everything into phenomena of sound, the nerve* of th<> 
skin into sensations of temperature or touch. 1> some eWtrir 
current whose existence is indicated by the optic nerve a* a jfwh 
of light, or by the organ of taste ns an add flavour, exdtoa in 
the nerves of the skin the sensation of burning. The mtm ray 
of sunshine, which is called light when it fiilis on the «ye, we 
call heat when it falls on the skin. Bat on the other hand, in 
spite of their different effects upon ourorgnniarimn, ih„d«»;,,.u 
which enters through our windows, and the heat mdkt.4 by nit 
iron stove, do not in reality differ more or tern from mmh other 
than the red and blue constituent* of light, la fact, jtwt m m 
the Undulatory Theory the ml mya to* distina.-rilmd f.«,m %U 
blue rays only by their longer jwriwl of vibration, «„d »|»dr 
smaller refrangibility, so tbit dark tort rap, „f ,(* j wv „ * 
still longer period and rtill sm.-dl-r' refmngx lit, than the red 
lays of light but are in cv,,; ..rh.* . . , 

them. All these rays, who tor Kr.-.b...-, . < , t . .. 

heating properties, but only =« . V rw Im >f*‘• * 

for that, reason we givi* the nan.*' •:V, .'-o, t * 

the transparent part of the eye to the optic nerve, and »-** it, m 
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sensation of light. Perhaps the relation between onr senses and 
the external world may be best enunciated as follows : our sen¬ 
sations are for us only symbols of the objects of the external 
world, and correspond to them only in some such way as written 
characters or articulate words to the things they denote. They 
give us, it is true, information respecting the properties of things 
without us, but no better information than we give a blind man 
about colour by verbal descriptions. 

* We see that science has arrived at an estimate of the senses 
very different from' that which was present to the poet's mind. 
And Newton's assertion that white was composed of all the 
colours of the spectrum was the first germ of the scientific view 
which has subsequently been developed. For at that time there 
were none of those galvanic observations which paved the way 
to a knowledge of the functions of the nerves in the production 
# of sensations. Natural philosophers asserted that white, to the 
eye the simplest and purest of # all our seusations of colour, was 
compounded of less pure and complex materials. It seems to 
have flashed up*n the poet's mind that all his principles were 
unsettled by the results of this assertion, and that is why the 
hypothesis seems to him so unthinkable, so ineffably absurd. 

We must look upon his theory of colour as a forlorn* hope, as 
a desperate attempt to rescue from the attacks of science the 
belief in the direct truth of our sensations. And this will ac¬ 
count for the enthusiasm with which he strives to elaborate and to 
defend his theory, for the passionate irritability with which he 
attacks his opponent, for the overweening importance which he 
attaches to these researches in comparison with his other achieve¬ 
ments, and for his inaccessibility to conviction or compromise. 

If we now turn to Goethe's own theories on the subject, 
we must, on the grounds above stated, expect to find that he 
cannot, without being untrue to bis own principle, give us 
anything deserving to be called a scientific explanation of the 
phenomena* and that is exactly what happens. He starts with 
the proposition that all colours are darker than white, that they 
have someth big of shade in them (on the physical theory, white • 
compounded of all colours must necessarily be brighter than 
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any of its constituents). The direct mixture of dart and light, 
of black and white, gives grey; the colours must therefore owe 
their existence to some form of the co-operation of light and 
shade. Goethe imagines he has discovered it in the phenomena 
presented by slightly opaque or hazy media. Such media usually 
look blue when the light falls on them and they are seen in 
front of a dark object, but yellow when a bright object is looked 
at through them. Thus in the daytime the air looks blue 
against the dark background of the sky, and the sun, when * 
viewed, as is the case at sunset, through‘a thick and hazy 
stratum of air, appears yellow. The physical explanation of 
€iis phenomenon, which, however, is not exhibited by all such 
media, as, for instance, by plates of unpolished glass, would lead 
us too far from the subject. According to Goethe, the semi-opaque 
medium imparts to the light something corporeal, something of 
the nature of shade, such as is requisite, he would say, for the* 
formation of colour. This conception alone is enough to perplex 
any one who looks upon it as a physical explanation. Does he 
mean to say that material particles mingle wiHi the light and 
fly away with it 1 But this is Goethe's fundamental experiment, 
this is the typical phenomenon under which he tries to reduce 
all the phenomena of colour, especially those connected with 
the prismatic spectrum. He looks upon all transparent bodies 
as slightly hazy, and assumes that the prism imparts to the 
image which it shows to an observer something of its own 
opacity. Here, again, it is hard to get a definite conception of 
what is meant. Goethe seems to hav© thought that a prism 
never gives perfectly defined images, but only indistinct, half- 
obliterated ones, for he puts them all in the same class with the 
double images which are exhibited by parallel plates of glass 
and by Iceland spar. The images formed by a prism are, it 
is true, indistinct in compound fight, but they are perfectly 
defined when simple light isMsed. If you examine, he says; a 
bright surface on a dark ground through a prism, tie image is 
displaced and blurred by the prism. The anterior edge is 
pushed forward over the dark background, and consequently a 
hazy, light on a dark ground appears blue, while the other edge 
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is covered by the image of the black surface which comes after it, 
and, consequently, being a light image behind a hazy dark colour, 
appears yellowish-red. But why the anterior edge appears in 
front of the ground, the posterior edge behind it, and not vice 
versd, he does not explain. Let us analyse this explanation, 
and try to grasp clearly the conception of an optical image. 
When I see a bright object reflected in a mirror, the reason is 
that the light which proceeds from it is thrown back exactly as 
if it came from an object of the same kind behind the mirror. 
The eye of the observer receives the impression accordingly, 
and therefore he imagines he really sees the object. .Every one 
knows there is nothing real behind the mirror to correspond to 
the image—that no light can penetrate thither, but that what 
is called the image is simply a geometrical point, in which the 
reflected rays, if produced backwards, would intersect. And, 
accordingly y no one expects the image to produce any real effect 
behind the mirror. In the same # way the prism shows us images 
of objects which occupy a different position from the objects 
themselves; thattis to say, the light which an object sends to 
the prism is refracted by it, so that it appears to come from an 
object lying to one side, called the image. This image, again, 
is not real; it is, as in the case of reflection, the geometrical 
point in which the refracted rays intersect when produced back¬ 
wards. And yet, according to Goethe, this image is to produce 
real effects by its displacement; the displaced patch of light 
makes, he says, the dark space behind it appear blue, just as an 
imperfectly transparent body would, and so again the displaced 
dark patch makes the bright space behind appear reddish-yellow. 
That Goethe really treats the image as an actual object in the 
place it appears to occupy is obvious enough, especially as he is 
compelled to assume, in the course of his explanation, that the 
blue and red edges of the blight space are respectively before 
and .behind the dark image which, like^it, is displaced by the 
prism. He 4oes, in fact, remain loyal to the appearance pre¬ 
sented to the senses, and treats a geometrical locus as if it were 
a material object. Again, he does not scruple at one time to 
make red and blue destroy each other, as, for example, in the 
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blue edge of a red surface seen through the prism, and at 
another to construct out of them a beautiful purple, as when 
the blue and red edges of two neighbouring white surfaces 
meet in a black ground. And when he comes to Newton’s 
more complicated experiments, he is driven to still more mar¬ 
vellous expedients. As long as you treat his explanations as a 
pictorial way of representing the physical processes, you may 
acquiesce in them, and even frequently find them vivid ami 
characteristic, but as physical elucidations of the phenomena 
they are absolutely irrational. 

In conclusion, it must be obvious to,every one that the 
theoretical part of the Theory of Colour is not natural philo¬ 
sophy at all; at the same time we can, to a certain extent, see 
that the poet wanted to introduce a totally different method 
into the study of Nature, and more or less understand how Icxo 
came to do so. Poetry is congerned solely with the ‘ beautiful 
show which makes it possible to contemplate the ideal; how 
that show is produced is a matter of indifference. Even nature 
is, in the poet’s eyes, hut the sensible expression of the spiritual. 
The natural philosopher, on the other hand, tries to discover tbe 
levers, the cords, and the pulleys which work behind the scenes, 
and shift them. Of course the sight of the machinery spoils 
the beautiful show, and therefore the poet would gladly talk it 
out of existence, and ignoring cords and pulleys as the chimeras 
of a pedant’s brain, he would have us believe that the scenes 
shift themselves, or are governed by the idea of the drama. 
And it is just characteristic of Goethe that he, and he alone 
among poets, must needs break a lance with natural philosophers. 
Other poets are either so entirely earned away by the fire off 
their enthusiasm that they do not trouble themselves about tlie 
disturbing influences of the outer world, or else they rejoice 
in the triumphs of mind over matter, even on that unpropitiems 
'battlefield. But Goethe, whom no intensity of subjective feeling 
could blind to the realities around him, cannot rest satisfied 
until he' has stamped reality itself with the image and super¬ 
scription of poetry. This constitutes the peculiar beauty of he is 
poetry, and at the same time fully accounts for his resolute 
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hostility to the machinery that every moment threatens to 
disturb his poetic repose, and for his determination to attack 
the enemy in his own camp. 

But we cannot triumph over the machinery of matter 
by ignoring it; we can triumph over it only by subordinating 
it to the aims of our moral intelligence. We must familiarise 
ourselves with its levers and pulleys, fatal though it be to poetic 
contemplation, in order to be able to govern them after our own 
Will, and therein lies the complete justification of physical 
investigation, and its vast importance for the advance of human 
civilisation. 

From what I have said it will be apparent that Goethe did 
follow the same line of thought in all his contributions to science, 
but that the problems he encountered were of diametrically 
opposite characters. And, perhaps, when if is understood how 
the self-same characteristic of his # intellect, which in one branch 
of science won for him immortal renown, entailed upon him. 
egregious failure in the other, it will tend to dissipate, in the 
minds of many worshippers of the great poet, a lingering pre¬ 
judice against natural philosophers, whom they suspect of being 
blinded by narrow professional pride to the loftiest inspirations 
of genius. 


PHYSIOLOGICAL CAUSES OF HAKMONY 
IN MUSIC. 

A Lecture delivered in Bonn during the Winter of 1857. 

y . ^ . • 

• 

Ladies and G-ENTLEMtiNy — T n the native town of Beethoven, the 
mightiest among*the heroes of harmony, no subject seemed 
to me better adapted for a popular audience than music itself. 
Following, therefore, the direction of my researches during the 
last few years, I will endeavour to explain to you what physics 
and physiology have to say regarding the most cherished art of 
the Rhenish land—music and musical relations. Music has 
hitherto withdrawn itself from scientific treatment more than 
any other art. Poetry, painting, and sculpture borrow at least 
the material for their delineations from the world of experience* 
They portray nature and man. Not only can their material be 
critically investigated in respect to its correctness and truth 
to nature, but scientific art-criticism, however much enthusiasts 
may have disputed its right to do so, has actually succeeded in 
making some progress in investigate! the causes of that aesthetic 
pleasure which it is the intention of these arts to excite. In 
music, on the # other hand, it seems at first sight as if those were 
still in the right who reject all ‘ anatomisation of pleasurable 
sensations/ This art, borrowing no part of its material from 
the experience of our senses, not attempting to describe, and 
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only exceptionally to imitate the outer world, necessarily with¬ 
draws from scientific consideration the chief ])oints of attack 
which other arts present, and hence seems to be as incompre¬ 
hensible and wonderful as it is certainly powerful in its effects. 
We are, therefore, obliged, and we purpose, to confine ourselves, 
in the first place, to a consideration of the material of the art, 
musical sounds or sensations. It always struck me as a wonder¬ 
ful and peculiarly interesting mystery, that in the theory of 
musical sounds, in the physical and technical foundations of 
music; which above all other arts seems in its action on the 
mind as the most immaterial, evanescent, and tender creator of 
incalculable and indescribable states of consciousness, that here 
in especial the science of purest and strictest thought—mathe¬ 
matics—should prove pre-eminently fertile. Thorough bass is a 
kind of applied mathematics. In considering musical intervals, 
divisions of time, aifd so forth, numerical fractions, and some¬ 
times even logarithms, play m prominent part. Mathematics 
and music! the most glaring possible opposites of human 
thought! and yet connected, mutually sustained! It is as 
if they would demonstrate the hidden consensus of all the 
actions of our mind, which in the revelations of genius makes 
us forefeel unconscious utterances of a mysteriously active 
intelligence. V 

When I considered physical acoustics from a physiological 
point of view, and thus more closely followed up the part which 
the ear plays in the perception of musical sounds, much became 
clear of which the connection had not been previously evident. 
I will attempt to inspire you with some of the interest which 
these questions have awakened in my own mind, by endeavour¬ 
ing to exhibit a few of the results of physical and physiological 
acoustics. f | 

The short space of time at my disposal obliges me to confine 
my attention to one particular point; but I shall select the 
most important of all, which will best show you the significance 
and results of scientific investigation in this fielcf; I mean the 
foundation of concord. It is an acknowledged fact that the 
numbers of the vibrations of concordant tones bear to each 



ratios expressible by small whole numbers. But why? 
i-Si/fc have the ratios of small whole numbers to do with con • 
& $ This is an old lidde, propounded by Pythagoras, and 
A^x*to unsolved. Let us see whether the means at the com*- 
£*-<3. of modem science will furnish the answer. 

First of all, what is a musical tone? Common experience 
-hes us that all sounding bodies are in a state of vibration. 
^ "vibration can be seen and felt; and in the case of loud 
xxds we feel the trembling of the air even without touching 
sounding bodies. Physical science has ascertained that any 
Los of impulses which produce a vibration of the air will, if 
ea/fced with sufficient rapidity, generate sound. 

Tiiis sound becomes a musical tone, when such rapid im- 
s^33 recur with perfect regularity and in precisely equal times, 
e^golar agitation of the air generates only noise. The pitch 
a, musical tone depends on the nutnlber of impulses which 
place in a given time; t'hefnore there are in the same time 
* Lxigher or sharper is the tone. And, as before remarked, 
is found tc^be a close relationship between the well-known 
onions musical intervals and the number of the vibrations 
tLte air. If twice as many vibrations are performed in the 
3 lo time for one tone as for another, the first is the octave 
>ve the second. If the numbers of vibrations in the same 
are as 2 to 3, the two tones form a fifth ; if they are as 4 
5? tffie two tones form a major third. 

ILf* you observe that the numbers of the vibrations which 
xox*ate the tones of the major chord C E G e are in the ratio 
■fclxe numbers 4 : 5 : 6 : 8, you can deduce from these all 
ier relations of musical tones, by imagining a new major 
>X“cl, having the same relations of the numbers of vibrations, 
L>e formed upon each of the above-named tones. The num- 
of vibrations within the limits of audible tones which 
pJLcL be obtained by executing the calculation thus indicated 
> extraordinarily different. Since the octave above any tone 
3 “twice as many vibrations as the tone itself, the second octave 
>^e will have four times, the third has eight times as many. 
ixr modem pianofortes have seven octaves. Their highest 
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tones, therefore, perform 128 vibrations in the time that theii 
lowest tone makes one single vibration. 

The deepest C x which our pianos usually possess answers to 
the sixteen-foot open pipe of the organ—musicians call it the 
‘ contra-O ’—and makes thirty-three vibrations in one second of 
time. This is very nearly the limit of audibility. You will 
have observed that these tones have a dull, bad quality of sound 
on the piano, and that it is difficult to determine their pitch'and 
the accuracy of their tuning. On the organ the contra-C is, 
somewhat more powerful than on the piano, but even here some 
uncertainty is felt in judging of its pitch. On larger organs 
there is a whole octave of tones below the contra-O, reaching to 
the next lower C, with 16^ vibrations in a second. But the ear 
can scarcely separate these tones from an obscure drone; and 
the deeper they are the more plainly can it distinguish the sepa¬ 
rate impulses of the r air to which they are due. Hence they 
are used solely in conjunction with the next higher octaves, to* 
strengthen their notes, and produce an impression of greater 
depth. 

* With the exception of the organ, all musical instruments, 
however diverse the methods in which their sounds are pro¬ 
duced, have their limit of depth at about the same point in the 
scale as the piano; not because it would be impossible to produce 
slower impulses of the air of sufficient power, but because the 
ear refuses its office, and hears slower impulses separately, without 
gathering them up into single tones. 

The often-repeated assertion of the French physicist Savart, 
that he heard tones of eight vibrations in a second, upon a 
peculiarly constructed instrument, seems due to an error. 

Ascending the scale from the contra-O, pianofortes usually 
have a compass of seven octaves, up to the so-called -five-accented 
c, which has 4,224 vibrations in a second. Among orchestral 
instruments it is only the piccolo flute which can reach as high, 
and this will give even one tone higher. The violin usually 
mounts no higher than the e below, which has 2,640 vibrations 
—of course we except the gymnastics of heaven-scaling virtuosi , 
who are ever striving to excruciate their audience by some new 
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impossibility. Such performers may aspire to three whole 
octaves lying above the five-accented c , and very painful to the 
ear, for their existence has been established by Despretz, who, 
by exciting small tuning-forks with a violin bow, obtained and 
heard the eight-accented c, having 32,770 vibrations in a second. 
Here the sensation of tone seemed to have reached its upper 
limit, and the intervals were really undistinguishable in the 
later octaves. 

The musical pitch of a tone depends entirely on the number 
of vibrations of the air in a second, and not at all upon the 
mode in which they are produced. It is quite indifferent whether 
they are generated by the vibrating strings of a piano or violin, 
the vocal chords of the human larynx, the metal tongues of the 
harmonium, the reeds of the clarionet, oboe, and bassoon, the 
trembling lips of the trumpeter, or the air cut by a sharp edge 
# in organ pipes and flutes. * 

A tone of the same numlfer of vibrations has always the 
same pitch, by whichever one of these instruments it is pro¬ 
duced. That phich distinguishes the note A of a piano, for 
example, from the equally high A of the violin, flute, clarionet, 
or trumpet, is called the quality of the tone, and to this we shall 
have to recur presently. 

As an interesting example of these assertions, I beg to show you a 
peculiar physical instrument for producing musical tones, called the 
siren, Fig. 1, which is especially adapted to establish the properties 
resulting from the ratios of the numbers of vibrations. 

In order to produce tones upon this instrument, the portvents g 0 
and gj are connected by means of flexible tubes with a bellows. The 
air enters into round brass boxes, a 0 and a x , and escapes by the per¬ 
forated covers of these boxes at c 0 and c r But the holes for the 
escape of air are not perfectly free. Immediately before the covers 
of both boxes there are two other perforated discs, fastened to a per¬ 
pendicular axis k, which turns with, great readiness. In the figure, 
only the perforated disc can be seen at c 0 , and immediately below it* 
is the similarly perforated cover of the box. In the upper box, c v 
only the edge of the disc is visible. If then the holes of the disc are 
precisely opposite to those of the covor, the air can escape freely. 
But if the disc is made to revolve, so that some of its unperforated 
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second. This gives ns the once-accented / of our mmiml natlt [that 
is , 1 middle a,’ written on the lepr line Imtmm the btw* md troth* 
staves]. But on opening the eerie# of 16 hoi#* irwtaxd, we I*ate tm<*« 
as many, or 16 times 88, that Is, 528 vibrations in a mood. We 
hear exactly the octave above the first c', that b f t$m twiemccontal 
e" [or c on the third space of the treble staff], 11 y ©piling kith tlm 
series of 8 and 10 holes at once, we have loth t* sad ^ it omm 9 Mid 
can convince ourselves that we have the absolutely pur© concord «f 
the octave. By taking 8 and 12 holes, which give immbesi of tilira- 
tions in the ratio of 2 to 0, we have the eonoovd of a perfect fifth* 
Similarly 12 and 10 or 0 and 12 give fourths, 12 ami 15 give a major 
third, and so on. 

The upper box is furnished with a eontrifttw for slightly sharpen* 
ing or flattening the tone# which it pnodeoes. This boa Is movable 
upon an axis, and connected with a toothed whm% which I#s worked 
by the driver attached to the handle d. By turning tlm handle 
slowly while one of the so vm of holes la tlm tipper box it is mm * f m 
tone will be sharper or flatter, awning a# the box mm § fa the 
opposite direction to the disc, or in the mm &mtb n m the 4m , 
When the motion is in the opposite direction, the Mm mmt time of 
the disc a little sooner than they otherwise would, tlm dm of fibre* 
tion of the ton© is shortened, ami the to me fc» non* i h iff p # The 
contrary ensues in the other ease* 

Now, on blowing through 8 holes Wow mdl$uh % \ m t lit?# • 
perfect octave, as long a# the upper box Is still* but when It k fa 
motion, the pitch of the upper tone m slightly ftltiwd, and the octave 
becomes false. 

On blowing through 12 holes abort and 18 Mow, tba remit f* % 
perfect fifth as long as the upper box i# at iv-f, I.-,* \i V tb 

concord is perceptibly injured. 

These experiments with the siren show us, tbwwfowtt— 

1. That a series of puffs following on# attotftnr with sufficient 
rapidity produce a musical tone. 

2. That the more rapidly they follow am another, the .harper k 

the tone. , , 

3. That when the ratio of the number of vibration# hi «***!? I to 
2,the result is a perfect octant} when It i#3to3,a perfect «ftb'j 
when it Is 8 to 4, a pure fourth, and so on, Tlm #Ugbt«*f alteration 
in these ratios destroys the purity of th« concord. 

You will perceive, from wlmt lms boon hitherto mMuwd, 
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that the human ear is affected by vibrations of the air, within 
certain degrees of rapidity—viz. from about 20 to about 32,000 

in a second_and that the sensation of musical tone arises from 

this affection. 

That the sensation thus excited is a sensation of musical 
tone does not depend in any way upon the peculiar manner in 
which the air is agitated, but solely on the peculiar powers of 
sensation possessed by our ears and auditory nerves. X re¬ 
marked, a little while ago, that when the tones are loud the 
agitation of the air is perceptible to the skin. In this way 
deaf mutes can perceive the motion of the air which we call 
sound. But they do not hear, that is, they have no sensation of 
tone in the ear. They feel the motion by the nerves of the skin, 
producing that peculiar description of sensation called whirring. 
The limits of the rapidity of vibration within which the ear 
feels an agitation of the air to be stfund, depend also wholly 
upon the peculiar constitutidh of the ear. 

When the siren is turned slowly, and hence the puffs of 
air succeed e%ch other slowly, you hear no musical sound. By 
the continually increasing rapidity of its revolution, no essential 
change is produced in the kind of vibration of the air. Nothing 
new happens externally to the ear. The only new result is the 
sensation experienced by the ear, which then for the first time 
begins to be affected by the agitation of the air. Hence the 
more rapid vibrations receive a new name, and are called Sound. 
If you admire paradoxes, you may say that aerial vibrations do 
not become sound until they fall upon a hearing ear. 

I must now describe the propagation of sound through the 
atmosphere. The motion of a mass of air through which a 
tone passes belongs to the so-called wave-motions—a class of 
motions of great importance in physics. Light, as well as 
sound, is one of these motions. 

The name is derived from the analogy of waves on the sur¬ 
face of water, and these will best illustrate the peculiarity of 
this description of motion. 

When a point in a surface of still water is agitated—as by* 
throwing in a stone—the motion thus caused is propagated in 
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the form of waves, which spread in rings over the surface of 
the water. The circles of waves continue to increase even aft * r 
rest has been restored at the point first affected. At the same 
time the waves become continually lower, the further they me 
removed from the centre of motion, and gradually disappear. On 
each wave-ring we distinguish ridges or crests, and hollows or 
troughs. 

Crest and trough together form a wave, and we measure it# 
length from one crest to the next. 

While tire wave passes over the surface of the fluid, the 
particles of the water which form it do not move on with it. 
This is easily seen, by floating a chip of straw on the water. 
When tho waves reach the chip, they raise or depnwa it, but 
when they have passed over it the position of tho chip in not 
perceptibly changed. 

Now a light floating*ehip has no motion different from that 
of the adjacent particles of Hence wo ronrlude that 

these particles do not foliow the wave, hut, after some pitching 
up and down, remain in then? original position# That which 
really advances as a wave, is, consequently, not the particle «f 
water themselves, hut only a superficial form, which continue 
to be built up by fresh particles of water. Tin- path* of the 
separate particles of water are more nearly vertical cindas, i« 
which they revolve with a tolerably uniform velocity, m long 
as the waves puss over them. 

In Fig. 2 the dark wave-line ABC represent* a Motion of tho 
surface of tho water over which waves are running in the direction 
of the arrows above a and e. The three circles », L, nut! ,• . • 

the paths of particular particle* of water at the surface of the wave. 
The particle which revolve* in the circle b ie cufpoovl, *t the tjom 
that the surface of the water presents the form A IIC, to he at it# 
highest point B, and the particles revolving in the < itrtes a and 
c to he simultaneously in their lowest positions. 

The respective particles of water revolve in these circle# In tire 
direction marked hy the arrows. The dotted curves reprint ofW 
positions of the passing waves, at equal intervals of ilmo, pnlv 
before the assumption of tire A BO position (« for the emta be¬ 
tween a and b), and partly after tire same (for the crest* b*tw,.«, u 
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and c). The positions of the crests are marked with figures. The 
same figures in the three circles show where the respective revolving 
particle would he, at the moment the wave assumed the corresponding 
form. It will he noticed that the particles advance by equal arcs of 
the circles, as the crest of the wave advances by equal distances 
parallel to the water level. 

In the circle h it will be further seen that the particle of water in 
its positions 1, 2, 3 hastens to meet the approaching wave-crests, 
], 2, 3, rises on its left-hand side, is then carried on hy the crest from 
4 to 7 in the direction of its advance, afterwards halts behind it, 
sinks down again on the right side, and finally reaches its original 
position at 13. (In the Lecture itself, Fig. 2 was replaced by a 
working model, in which the movable particles, connected by threads, 
really revolved in circles, while connecting elastic threads represented 
the surface of the water.) 


Fig. 2. 



All particles at the surface of the water, as you see by this draw¬ 
ing, describe equal circles. The particles of water 'at different depths 
move in the same way, but as the depths increase, the diameters of 
their circles of revolution rapidly diminish. 

In this way, then, arises the appearance of a progressive motion 
along the surface of the water, while in reality the moving particles 
of water do not advance with the wave, but perpetually revolve in 
their small circular orbits. 

To return from waves of water to waves of sound. Ima¬ 
gine an elastic fluid like air to replace the water, and the 
waves of this replaced water to be compressed by an inflexible 
plate laid oft their surface, the fluid being prevented from escap¬ 
ing laterally from the pressure. Then on the waves being thus 
flattened out, the ridges where the fluid had been heaped up 



64 


ON THE PHYSIOLOGICAL CAUSES OP 


will produce much greater density than the hollows, from which 
the fluid had l>een removed to form the ridges. Hence the 
ridges are replaced by condensed strata of air, and the hollows 
by rarefied strata. Now further imagine that those eoiiiprcsned 
waves are propagated by the same law m before, and that also 
the vertical circular orbits of the several particles of water 
are compressed into horizontal straight lines. Then the wave* 
of sound will retain the peculiarity of having the particles of 
air only oscillating backwards and forwards in a straight line, 
while the wave itself remains merely a progressive form of 
motion, continually composed of fresh particles of air* Tbo 
immediate result then would to waves of sound spreading out 
horizontally from their origin. 

But the expansion of waves of sound Is not limited, like 
those of water, to a horizontal surface. They ran spread out in 
any direction whatsoever. Suppose the circles generated by* 
a stone thrown into the water toVctond in all directum* of space, 
and you will have the spherical waves of air by which sound k 
propagated. # 

Hence we can continue to illustrate the pecalkrittai of the 
motion of sound by the well-known visible motion* of wmm 
of water. 

The length of a wave of water, mmmuml from etmi to 
crest, is extremely different. A falling drop, or a breath of air, 
gently curls the surface of the water. The waves in the w»fci 
of a steamboat toss the swimmer or skiff severely. But tit 
waves of a stormy ocean can find room in their hollow* for tit 
keel of a ship of the line, and their ridges mm scarcely to 
overlooked from tho mast-head. The waves of sound prtMit 
similar differences. The little curls of water with short lengths 
of wave correspond to high tones, the giant ocean billows to 
deep tones. Thus the oontmtoss 0 has a wave thirty*fivi* fa* 
long, its higher octave a wave of half the length, while the 
highest tones of a piano have waves of only itop imhm in 
length. 

1 The exact lengths of wavis corresponding & etriain mtm, m nrwlml* «f 
tone* depend upon the standard pitch mdgumt to one pankufar »»t# f mM 





different distributions of and higim of dmil;, which 

#x«ctly ooraspond to the cUflfenmoM of form in the still uncom¬ 
pressed mutum. In this mmm then «t«w «»ntsMie to »j»mk of 



the form of w«v«of sound, mid out m|*<* < i.* ft 
W« make the curve ri*o wh mm Urn pmmmm, mvt J mam density, 
mm-mm, and fall whan it dim ini s h e s J ust ss if wo had a 
compressed fluid beneath Urn curve, which would expand to 
tins height of the curve in ostler to regain ita Natural density. 
Unfortunately, the form of waves of sound, on which do* 
gienda the quality of the tone* produce ! by various Hounding 
hodira, can at present ho Mignwl in only a v*ty few mma, 
Among Use forma of waves of sound which w» tm aide to 
defcprwiiM with more exaetoow ia one «f great inipottamM), here 
t« mrf the $impk or pur« wave-form, and represented in Fig 3. 

tl»i# difw* in •ttflknmt eoanniw. tinea th* tgami tf Mm Miter Im. 
te>« fc*ft m mlwM. .«m*teuly mm w item esnaRy tengtei ;a 

bn^m4, tn wt adca m itHtalic t» ite r»»««r m ttm* ntwmi » 
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It can be seen in waves of watei only when their height is 
small in comparison with then length, and they run <jvi*i a 
smooth surface without external disturbance, or without any 
action of wind. Ridge and hollow are gently roundel «ti; 
equally broad and symmetrical, so that, if we inverted the curve, 
the ridges would exactly fit into the hollows, and conversely. 
This form of wave would be more precisely defined by saying 


Fio. 4. 



that the particles of water describe exactly rirrnV orbits of 
small diameter*, with exactly uniform wlodtte*. To this aimpln 
wave-form correspond* a peculiar sjsTtcs of tone, which, 
reasons to be hereafter assigned, depending upon ij# relation to 
quality, we will tana a . **•»<••• * S|| ‘h torn** no* j-wm.. d 

by striking a tuning-fork and holding it before the o|*»u)t»g of a 
properly tuned resonance tube. The tone of tuneful human 
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. voices, singing tlie vowel oo in too , in the middle positions of their 
register, appears not to differ materially from this form of wave. 

We also know the laws of the motion of strings with suffi¬ 
cient accuracy to assign in some cases the form of motion which 
they impart to the air. Thus Pig. 4 represents the forms suc¬ 
cessively assumed by a string struck, as in the German Zither , 
by a pointed style [the plectrum of the ancient lyra, or the quill 
of the old harpsichord, which may be easily imitated on a 
guitar]. A a represents the form assumed by the string at the 
moment of percussion. Then, at equal intervals of time, follow 
the forms E, C, D, E, F, G; and then, in inverse order, F, E, D., 
0, B, A, and so on in perpetual repetition. The form of motion 
which such a string, by means of an attached sounding-board, 
imparts to the surrounding air, probably corresponds to the 
broken line in Fig. 5, where h h indicates the position of equili¬ 
brium, and the letters a b c d ej“ g show the line of the wave 
which is produced by the action of several forms of string 
marked by the corresponding capital letters in Fig. 4. It is 
easily seen how^greatly this form of wave (which of course 


Fig. 5. 



could not occur in water) differs from that of Fig. 3 (inde¬ 
pendently of magnitude), as the string only imparts to the air a 
series of short impulses, alternately directed to opposite sides. 1 
The waves of air produced by the tone of a violin would, on 


Fig. 6. 



the same principle, be represented by Fig. 6. During each 


1 It is here assumed that the sounding-board and air in contact with it 
immediately obey the impulse given by the end of the string without exercising 
a perceptible reaction on the motion of the string. 



isililai 
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period of vibration the pressure increase* uniformly, and at the 
end falls back suddenly to its minimum. 

It is to such differences in the forms of the waves of sound 
that the variety of quality in musical tones is due. We may 
even cany the analogy further. The more uniformly rounded the 
form of wave, the softer and milder is the quality of tone. The 
more jerking and angular the wave-form, the mote piercing the 
quality. Tuning-forks, with their rounded forms of wave (Fig. 
3), have an extraordinarily soft quality; and the qualities of 
tone generated by the zither and violin resemble in harshness 
tine angularity of their wave-forms. (Figs, ft and 6.) 

Finally, I would direct your attention to an instructive 
spectacle, which I have never been able to view without a cer¬ 
tain degree of physico-soientific delight, because it displays to 
the bodily eye, on the surface of water, what otherwise could 
only be recognised by themindiseyeof the mathematical think. t 
in a mass of air traversed in all direction* by waves of sound. 
I allude to the composition of many different system# of waves, 
as they pass over one another, each undisturbedly pursuing its 
own path. We can watch it from, the parapet of any bridge 
spanning a river, bat it is most complete and sublime when 
viewed from a cliff beside the sea. It is then rare not to see 
innumerable systems of waves, of various length, propagated in 
various directions. The longest come from the deep ws and daali 
against the shore. Where the tailing biwkere buret shorter 
waves arise, and run lack again towards th# mm. Pmiiaps 











concert hall or bdlroom traversed la awry direction, atul n»t 
merely on the surface, hy ft variegated crowd «if intersecting 
wave systems. From Ow* mouth* of the mala sla»m p«n»wl 
waves of Jos' to twelve fed In length i Croon lha lip* of the **teg* 

*t hmn dart from rtghteen to thirty *1* It**** 

long. The rustling of silken skirts earttea lUtla curl* In th* 
air, each Instraasnt in tb* orehasUa ainita It* p«s«ll»f w«Wi 
and all these systems expand spherically from their rapfrttvw 
. centre*, dart trough en«h other, an* twdwted from thn wall* *f 
tli# room, anil thus rush hickward* and forward*, #®tll they 
■uocumb to the greater forw of newly generated ton**. 

Although this spectacle ia anilad from tha material eye, •• 
hare another bodily organ, tha aar, epeelalif adapted to rc»*d 
it to m. Thia analyse* the Iwterdigltotim* of tha warn*, whteh 
in sneh ouhh would ha far more eoaftwed than tha latsraeeliaa 
of th# water undulation*, separate* th# ssvee*l tonna which 
‘compote It, and dWnipiWio* *» retail nfMMd women - 
nay, even of individttala—dha peculiar gnaUtwa of tmw firm 
out by each imtanmsiil tho nettling of thn diwaasa, the feotfelis 
of the walker*, and so on. 

It b n«*» * uy to Mamina the efre wmet e nw ie with <r«tar 
minut* u»«a. Wh**« a hint of jo«T dip* intoth****, rlngeef 
warns* aria* whi-h *re j.roj,.4,1.4 «» d rely sud nywlarl f «|*M 
tha moving w a m *. Tl^*- im,;- 

cut into the curved nmtm^ ttf th** «ifn In jsfrci«4y u** Hfriti# 
way m they would hare !*•*» into the atOI *ur tmm of » 1*1#. 
The form of tho esetornal nwrfw* of tho water Is determined in 
thia, m in other more complicated mum, by taking the height 
of each point to ho the height of all the ridge* rtf the wavs* 
which coincide »t this point at one time, after deducting tlm sum 
of*Hsimilarlysimultaneouslycoincidenthollo**. 8 nch a mmat 
positive magnitude* (the ridge*) and negative maguitudt* (the 
hollows), where the latter have to be subtracted instead rtf being 
m)*M, is called an algobraioat mm. Using this tern, then, w# 
may say tSat the 4 tight ttf «wy prtnl ^ tho mafmm of th.% 
water k egmni to tho abjelrraimi mm 0 / mil the poHmm of tho # 
watw which at that moment them mmm 
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■ It Is the same with the waves of sound. They, too, are 
added together at every point of the mnm of air, m well a* 
in contact with the listener's ear. For them also the thgnm of 
condensation and the velocity of the particle^ of iilr in the 
passages of the organ of heating are equal to the algebraical 
sums of the separate degrees of condensation and of the velo¬ 
cities of the waves of sound, considered apart. This single motion 
of the air produced by the simultaneous action of various Hound¬ 
ing bodies, has now to be analysed by the air into the nepumte 
parts which correspond to their separate effects. For doing thi < 
the ear is much more unfavourably situated than the eye. Tb© 
latter surveys the whole undulating surface at & glance. But tin* 
ear can, of course, only perceive the motion of the particles of air 
which impinge upon it. And yet the ear soiree its problem with 
the greatest exactness, certainty, and determinate This powor 
of th© ©ar is of supreme importsnee for hearing* Were it not* 
present it would be impossible ft distinguish different tones. 

Some recent anatomical discoveries appear to give a clue to 
the explanation of this important power of th%»n 

You will all have observed the phenomena of th# sympathetic 
production of tones in musical instruments, especially stringed 
instruments. The string of a pianoforte when the damper is 
raised begins to vibrate as soon m its proper tone m produced 
in its neighbourhood with sufficient force by some other xxknids. 
When this foreign tone crises th© tone of the string will ho 
heard to continue some little time longer. If we put little paper 
riders on the string they will be jerked off when its ton© is thus 
produced in the neighbourhood. This jympthetio mMm of 
the string depends on the impact of the vilmtliM of 



BAiuiojnr m mvmc. 15 

U. u£ - » -»-<«• “ **• 

f>n the rhythmkfcl epplle»lM» of **** j?V . y ^Jl 
w »411,. hoy «i»*o H u „„ W 1, , hh 

ti»i u. i»n 

;rr,rs 

terrain, sometime* iaanwsto* Mid mmMmm * 

motion tf th* bell, be will pMm* «« •»«[«• ^ 

In the same way that * mm Hf *«• ***« ***** **‘*J 
a lm*y Wl, *b« to*®*"* rf M«b •■«* ■w** 1 * •** ^ 

. in ««l «» ^ **» «f , rLiti 2 Srii ji 

taninU-fork, fwHM ** *f JJ^St £Z£l «toV£ 

is exactly to unto* wiit» «rf tb# 

also every impel of a «**• «f •iff* 4 *** **• lm ' 

the motiwz mdteA by *h*W» prewfc'^W ow*., 

This mfmrimmt i« it. * •< »..««««#P**™ 

Fig. 7, which k M-m*1 to » *'* «'• 1 '"' «****»*•» m * v*** 
,, S1 i, ( ,i i,v a mmlar fork of pr~*.« -*y ’>*•• ***>'« l**” h *' "’’' '* 
Mitt.-k, the other will be found after * fo* wwottfb t*» h*» wwtttd* 
i„H also. Two .lamp Urn fi..« fork. by « «t f » ‘ *• -■ ' 

with » fitter, ami the w*’.nd *UJ mnUnmt the tone In** 

second will then bring the fittt tot# eMwtfoh, and mm* 

Bat if a very small pleat of waxh* att ac h ed UVrnmmm 
'one of the fork*, whereby its plteh will be rvnderad eoareely 
pwoept bly lower than ilia other, the tympathetlo vibmifon of 
the second fork emum, because the titan* of W 

longer the sains in mob. The Wows wWah the wares «f air 
excited by the first inflict upon thesonadtog board tff tbeaeemid 
folk, are indwsl for a time to the same iHiettloit an the saoMon* 
of the sseSad fork, ami oww«|«eatlf fawn e the totter, In»t 
after a very short time they cease to be so, and enswwjiiwitly 
destroy the slight motion which they bed wwvfomriy «krtied. 
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Lighter and more mobile elastic bodies, as for example 
strings, can be set in motion by a much smaller numU<r of 
aerial impulses. Hence they can lie set iti sympathetic motion 
much more easily than tuning-forks, and by means of a musical 
tone which is far less accurately in unison with thomwdvra. 

Now, then, if several tones at® Bounded in the neighbentr- 
hood of a pianoforte, no string can be set in sympathetic] 
vibration unless it is in unison with one of those tones. For 
example, depress the forte pedal (thus raising thn dainprs), and 
put paper riders on all the strings. They will of course leap 


off when their strings an* put in vibration. flitsn let *>v#*rnl 
voices or instrument* round tones in the neighborhood. ,\" 
those riders, and only those, will leap off which ant pker-l npmi 
strings that correspond to tones of the mum pitch m. thi»,« 
sounded. You perceive that a pianoforte is also capable of 
analysing the wave confusion of the air into it* elementary mti- 
stituents. 

The process which Mtu-iliy « m j„ mtt mr m pmlahh 
very like that just dewriU-d. I »«-p in the petrous bone out of 
r which the internal car in Wb.'vd lies a peculiar organ, the 
cochlea or snail shell—a cavity fifed with water, and so called 
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Its resemblance to the shell of a common, garden snail, 
spiral passage is divided throughout its length, into three 
>jo£j upper, middle, and lower, by two membranes stretched 
e middle of its height. The Marchese Corti discovered 
very remarkable formations in the middle section. They 

Fig. 8. 



list of innumerable plates, microscopically small, and 
jcicred orderly side by side, like the keys of a piano. They are 
mected at one end with the fibres of the auditory nerve, and 
lie other with the stretched membrane. 

I?ig. 8 shows this extraordinarily complicated arrangement 
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for a small part of the partition of the cochin*. The nrchf 
which loave tho membrane at il and are reinserted at o, rend 
ing their greatest height between in and o, are probably th 
parts which are suited for vibration. They are spun roan 
with innumerable fibrils, among which noma nerve fibre* can I 
recognised, coming to them through the holt* near c. Th 
transverse fibres g, h, i, k, and the oell* «, also appear to belon 
to the nervous system. There are about three thousand arehr 
similar to d e, lying orderly beside each other, like the keys * 
a piano in tho whole length of the partition of the cochlea. 

In tho so-called vestibulura, also, where the nervee expan 


dages, similar to stiff hairs, have !»*-n lately d;«.ov«>r.d at the 
ends of the nerves. The anatomical arrangement of the** 


**'**“ "'^ -y-” - M 

conducted through the ear. Now If we venture to conjecture 
—it is at present only a conjecture, hut after careful mushier*, 
tion I am lad to think it very probable—«hnt every atteh 
appendage is tuned to a certain tone like th*strings of a piano, 
then the recent experiment with a piano shows you that when 
(and only when) that tone is sounded the rearresponding hair* 


experience a sensation, no that the of each single andh 

tone in the midst of a whole oonftiMoti of tone* inwst be m 
dicated by the corresponding senaation. 


sagos of the ear by one such to*» will 1* exact ly # il«s mm 
the kind of vibration which ia another >tw* m them excited 

twoor nffl»hi4iumci.f.' 4 its;.-. ,• . . , 

the motion into Its elements in the latter om, it cannot wi 
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avoid doing so in the former, where the tone is* due to a single 
source. And this is found to he really the case. 

I have previously mentioned the form of wave with gently 
rounded crests and hollows, and termed it simple or pure (p. 65). 
Xn reference to this form the French mathematician Fourier has 
established a celebrated and important theorem which may be 
translated from mathematical into ordinary language thus : Any 
form of wave whatever can be compounded of a, number of 
* simple waves of different lengths . The longest of these simple 
waves has the same length as that of the given form of wave, 
the others have lengths one half, one third, one fourth, &c., as 
great. 

By the different modes of uniting the crests and hollows of 
these simple waves, an endless multiplicity of wave-forms may 
be produced. 


Pig. 9. 
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of time, and being consequently an octave lusher in pitch. C and I», 
on the other hand, represent the wave# which remit from tb« j>hj« r- 
position of B on A. The dotted curve* in the br-t h.itve* of (! nml it 
are repetitions of so much of the figure A. 1» <•', th- initial jw-int « 
of the curve B coincides with the initial point d 0 of A. But in B, 
the deepest point h 3 of the first hollow in it i* placed under Him 
initial point of A. The result is two different compound-curv.«, the 
first C having steeply ascending nnd more gently descending crest*, 
hut so related that by reversing the figure the elevati-.ns w.ml i 
exactly fit into the depressions. But in U we have pointed crests and 
flattened hollows, which are, however, symmetrical with respect to 
right and left. 

Fin. !0 


Other forma are shown ta %. 10, which are alao Mapoaiidad of 
two simple waves, A and It, of which it nwh.-s three times a* many 
vibrations in a second « A, and consequently to the twelfth higher 
to pitch. The dotted cmm in C nU Duo, M before, repetitions «# 
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tones, and feels the tone da© to imeh sepArmte »iiiipte wav© «ej»* 
rately, whether the compound wave riripnally |mMw<fod hum n 
scarce capable of generating it, or became compound*' 1 on the 
way. 

For example, on striking a tiling, fl will gint a ton* mrr***j mu$* 
ing, an w© have mm, to a wave-form widely difffefta.it frmn that «f « 
simple tone. When the tar analysts this WAne>f«r»i inlet n mim ui 
simple waves, it heart at the same time a mrtm of 4n#|d« tone* c*»r« 
responding to these waves* 

Strings are peculiarly f&voitrabte for such mi I»VMiIjp«htft f Iw* 
cause they are themselves capable of assuming •xirvundy dt!!#rwf»t 
forms in the course of their vibration, and tkm* forms may al«* lu 
considered, like those of aerial undu Unions, m compounded mi aim pin 
wave®. Fig. 4, p. (16, show* the oonsecmtlve forme of a tiring *!mek by 
a simple rod. Fig. ll,p. 7% give* a number of other form* of vihmlfon 
of a string, comspondin^to simple tomw* Tha roiditiw m* Im# §lmm$ 
the extreme displacement of the ^taring la on# diiwtfoti, and the 
dotted line in the other. At a the string prodm*** m imuism^rnd 


two sections would *»*|mr;*te)y {nroduce, and it f«a mo.,* * ,*$.*< 


time® as fast as the fundamental tone, and 


In the s mm way fount of vibration may oowf with §* fl, 


violin playing, at* thus pm4 u 
























*** **»« *••** y * vw ***** *•" 
y** mxf m * 7^„ „ * * -«..«.«*»* '• f ** *«* «“**• - 

Imb, 14 , V» <**#'*'»""*- *""■• * *• 

m* * Fig. Il %•* ** r * ^ #S Ik **»*»*•»<*** « : f ***«“»•«* •»* 

** •** ?* j£*j i £***«i *— * «•* 4 4 ** **" 4 ***• *•** - 

dm»H • 1-1 £*•, w4 >** *»*• *«» ******* * w 4 -** 4 ^“ 

•i ml, •*« *”* *• ****** * •Miit'j!* I*"**'-'-*" *»«•<*«»*> «w<tafe» 

» w iMrf. t* **rzzZL T2.U ***■♦ •• *. 

—?•.-»*—-•-* •—*- 

. midm i »«tw» * *«•* 

f*». »*. 







80 


# 


ON THE PH V SI 0 LOGIC A L CAPSEft < P 

series may lie written as follows in musical notation [it bulnjr 
understood that, on account of the temperament of a piano, thane are 
not precisely the fundamental tones of the oomtpooding strings no 
that instrument, and that in particular the tipper partial, ¥* t», 1st 
necessarily much flatter than the fundamental tone of the correspond* 
mg note on the piano]. 



tea & ft ft 
r s t to 


Not only strings, hut almost all kinds of mimical instrument**, 
produce waves of sound which are more or less different (mm 
those of simple tones, and are therefore capable of being com¬ 
pounded out of a greater or law number of simple waves. The 
ear analyses them all by means of Fourier’s theorem better thm\. 
the best mathematician, and off paying sufficient attention mn 
distinguish the separate simple tones due to the MMponding 
simple waves. This corresponds {precisely to mw theory of tins 
sympathetic vibration of the organs described by Cbrfei. Ex¬ 
periments with the piano, as wall as the mathematical theory of 
sympathetic vibrations, show that any upper partial.?* which may 
be present will also produce sympathetic vibrations. It follow*, 
therefore, that in the cochlea of the car every external t*m« 
will set in sympathetic vibration, not merely the little plate* 
with their accompanying nerve-fibres, corresponding to it* 
fundamental tone, but also those eomajxmdiiig to all th# upper 
paitials, and that consequently the latter moat be hoard m 
well as the former. 

Hence a simple tern Ik one excited by a mm* i ion (inimph 
wave-forms. All other waveforms, «»h m thmm produced by 
the greater number of mimical Iwtramunt*, molt* mmmtfam of 
a variety of simple tones. 

Consequently, all the tones of tmmml tmlmmmU mml In 
strk?t language, so far as the mmMm of musical Urn is 
concerned, be regarded m chords with a predominant fund** 

mental tone* 
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The whole of this theory of upper |>wti*d* or hannoiile 

• overtones will perhaps mmd now anti singular. Probably tew 
or dom of those present, however frequently they may have 
heard or performed music, and hownw fine may l*» their 
musical war, hero hitherto peswdved the existence of any snch 
ton**, although, according to my representations, they uniat te* 
always ami continuously present. In fact, a peculiar net of 
attention is requisite in enter to hear thorn, an«i unless w« know 
.how to perform this net the tones remain concealed. As you 
are aware, no pemiptions obtained by tbo senses sro merely 
sensations impressed on o»r nervous systems. A peculiar 
intellectual activity is required to pass <W»m a nervous setiwtU.ui 

• to the conception of an external ol(j*«?t, which tlw sensation tern 

aroused. The sensations of our nerves of sense are mere 
symbols Mksting certain externa! object*, and it is usually 
only after eoasMembl# practice that w»%*qui*» the power of 
drawing correct concluMons fret# our sensations rejecting the 
oorrcspondiiqi object*. How it is a universal law of the per¬ 
ceptions obtain. 4tbt«ntgb the seams that we pay only so mush 
attention to tiw mnwtfcwi actually ectperfansnd as is safictent 
for us hi “ I’Xi-rn *1 ‘ . U> t>..•• *• • jwet m*mm very 

one-sided and inrun-id. i»t« p.«i u <,».* of pew Ural utility; »r 
more m Snd« wl than w*> »iiq*«’t. All wnwrlfona which have m 
direct reft-reme to external object*, we are »<vu*tomed, as a 
matter of ooniso, entirely to ignor* sad wo do not Won»s 
aware of them till •** mol* a invretigsi ten of <U 

action of the senses, or have ear attention directed by illness to 
the phenomena of «mr own bodies. Thus we often find patients, 
when suffering tinder a slight inflammation of the eyre, become 
for the first time aware of thorn lends and films known m 
mottcJuu mtanUm swimming about within tint vitreous humour 
of the eye, and then they often hypoehondrtaeslly Imagine ail 
sort# of coming evils, IswausH they fkney tiiat these appearances 
are now, whscass they have generally existed all their lives. 

Who wit cosily discover that them fa an absolutely blind 
point, ti.e m rolled frun tin m meum, within the retina of every 
healthy »y«! How many psopls know that the only they 
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soe single are those at which they are looking, and that, all other 
objects behind or before these appear double? I could adduce 
a long list of similar examples, which have not been brought to 
light till the actions of the senses were scientifically investigated, 
and which remain obstinately concealed till attention has been 
drawn to them by appropriate means—often an extremely diffi¬ 
cult task to accomplish. 

To this class of phenomena Ixilong the upper jtartial tones. 
It is not enough for the auditory nerve to have a sensation. Tin* 
intellect must reflect upon it. Hence my former distinction of 
a material and a spiritual ear. 

We always hear the tone of a string accompanied by a certain 
combination of upper partial tones. A different combination of 
such tones belongs to the tone of a flute, or of the human 
voice, or of a dog’s howl. Whether a violin or a flute, a man 
or a dog, is close by iftis a mate of interest for»» to know, and 
our ear takes care to distingiiilh the peculiarities of their tones 
with accuracy. The means by which we «n distinguish them, 
however, is a matter of perfect indifferent®. » 

. Whether the cry of the dog contains the higher octave or the 
twelfth of the fundamental tone has no practical interest for ta, 
and never occupies our attention. The upper partial* are con¬ 
sequently thrown into that unanalysed maw of peculiarities of a 
tone which we call its quality. Now «* the existent® of upper 
partial tones depends on the waveform, we sec, as I was able to 
state previously (p. 65), that the quality of tom corratponds to 
the form of wave. 

The upper partial tote* are most rosily heard when they are 
not in harmony with the fundamental tone, m in the nm* of 
bolls. The art of the hell-founder eonslsfat prmwdy in giving 
hells such a form that the deeper anti etrongor part ini tones, shell 
be in harmony wflj» the fundaimntol tow, utt oflimvi e tin* Ml 
would he unmusical, tinkling like » kettle. Bat tin- higher 
partials are always out of harmony, arid lo rn® tells arts unfitted 
for artistic music. 

On the other hand, It follow *, from what has teen eaid, Mi at 
thg upper partial tom# are nil the more difficult to hour* 
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the more accustomed we are to tlie compound tones of winch 
they form a part. This is especially the case with the human 
voice, and many skilful observers have consequently failed to 
discover them there. 

The preceding theory was wonderfully corroborated by leading 
to a method by which not only I myself, but other persons, 
were enabled to hear the upper partial tones of the human voice. 

N o particularly fine musical ear is required for this purpose, 
$.s was formerly supposed, but only proper means for directing 
the attention of the observer. 

Let a powerful male voice sing the note e fe to the 

vowel o in one, close to a good piano. Then lightly touch on the 
piano the note ft' in the next octave above, and listen 

attentively to the sound of the piano as it dies away. If this 
b'Jl is a real upper partial in the compound tone uttered by 
the singer, the sound of the piancf will apparently not die away 
at all, but the corresponding upper partial of the voice will be 
heard as if the i§ote of the piano continued. 1 By properly 
varying the experiment, it will he found possible to distinguish 
the vowels from one another by their upper partial tones. 

The investigation is rendered much easier by arming the ear 
with small globes of glass or metal, as in Fig 12. The larger 
opening a is directed to the source of sound, and the smaller 
funnel-shaped end is applied to the drum of the ear. The in¬ 
closed mass of air, which is almost entirely separated from 
that without, has its own proper tone or key-note, which will be 
beard, for example on blowing across the edge of the opening a. 
If then this proper tone of the globe is excited in the external 
air, either as a fundamental or upper partial tone, the included 
' mass of air is brought into violent sympathetic vibration, and 

1 In repeating this experiment the observer must remember that the e 12 of 
the piano is not a true twelfth below the b'h. Hence the singer should first be 
given from the piano, which he will naturally sing as Z> 2 , an octave lower, 
and then take #true fifth below it. A skilful singer will thus hit the true 
twelfth and produce the required upper partial b'h.. On the other hand, if he 
sings efefrom the piano, his upper partial b' 2 will probably beat with that of 
the piano. — Tr. * 

O 2 




On examining tire rowels of the immmvom, ft Is my to 
recognise, with the help of such resonators m\mm just fain da* 
scribed, that the upper partial tones of each rowel are paatiilarly 
strong in certain parts of the scale i thus O m ore has its upp^i* 
partials in the neighbourhood of // ft. A m father m the neigh 
bourhood of h" ft {an octave higher), Tlie following gives a 
general view of those portions of the scale where the upper 
partials of the rowels, as pronounced in the north of Gertniiiiy* 
are particularly strong. 

Names of **«. 2'C 1* t*. >«* 


! > f«i r ->• : • . 

9m&mf d Ft r <**% f* ttt «" 

i The «>rrenponeling SsgllA *o*4 nn rx n* of «h*te pr#- 

ciwly the nne n»those pt#ne«a«il by the muhtar. ft 1* Mrotarr U> not# M«*» 
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f!*rmoi*t t* wwic*. 

Th«* following may experiment clearly «how« Hint It i* in* 
■different whether Um » viral aimple tone* contained in * com- 
pound lone like a vowel uttered by the human value eotne from 
on«* eouroeoreeveml. If tlw damper* of a pianoforte #if «i»el» 
not wily do (he aympathetie vibrations «f the alringa f«r«W» 
timet of the am j »Ueh ae thme Mitered heaide it; but if we eing 
A (« in fathm) to any note of the piano, we hmr an A quite 
dearly returned from the alrinp; and if 1 (« in/«*re or /at*), 
© („ hi hoi* or ore), Mt*i U (oe in em>0, be aimilarly mint* to the 
note. B, O, and 0 will alao he reh«**l keek. It la only neweenry 
to hit the note of the piano with Rtt»t «sactn«a.‘ How the 

fer a W rarleMoa In pramMrtatlm waaM protore • •!»#*« i» «»* 
fundar—ntal nee, a»4 «*»w*«|#p*»ity a aeee eaMMeatte in ik* pen toe 

uf (be a*#? partlala. tV mm (free by thmimm *W*b am wrtlM* baton 
tht Engltob etatvaltata. turn «M«4 m Urn aatowHy «f MabehalWa Tmmm- 
ntmtemm, Sid «tUea. I*»t jt«»•» ekern B » hrt i ll »my»» * D«ad*» f remit* 
,mr MewaftM ftwa Mina, partly kerenM Wa «*» to a a 

Jtorth ftorwaa, pmwmtMM, aa4 partly treaere Peii 4 »»%^ lha 

HMnef mala* MuteMM Mtatwaya *mmiy «W««*» &»****» to 
wWtab tto mmI, AM* p. MM» wtiwMatfirthat W 

Wdy ta tie <to *• i * (wbfch la ttw Imm4 *** 4, er an »Bkem 
«*» tr to* totfihur Itoita* • CK««K* f *■ *•**"$*• •J 4 * 
to* me, , torn*. to #*. fif.ttl. *««,* W» «f- 

<to re.nto.*/. > ( f- f • • - • '**' W » It*ela**‘««p£ 

uJtoa* 4»**it4 in to. r ..>-* „'*«*#M 

Of tin e»re«ftrf to to* are**. «t . . be.WlM 


trr':M.''£ r 






WO m A 4 
«###.# 
to In N* la la 
«m 4 fa#f@ #m» MlUhl 


4 Utrt tl* »<*• a appItaB to ilta fw#£r# M*r «f 4 wiifc law tayw*, iswf i I# 
■Ifni $imkm Mr ^ A with Mfti wti aiftillmi'lw iImi mmd 1 mif pw 

te» # to i/ f Itf aiRfmwIiif ttwi nl»mkfi«d to fl*# hmmnIi. Tfci litotwailsii* 
I* lit# mlm two !l»tito«i f «*£ iMr |IIA fc M I»^ i 

flm««4 im%m%mm wtMm mmmmmMm f timUmmtmto m 

for fti# i»4 btotor fm to# toHMM toteb tot wwt i 

c# !?# tolrrufely AsmI «* m% |iut a# It* parent# U «4 I «• «p«l ^ H 

fell.* to# ftoto af Uni tontoA 

* Mr «w»- tipftewi iton Am M my wmi «S my (Mli'lititol^ mi 
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sound of the vowel is produced solely by the sympathetic vibra¬ 
tion of the higher strings, which correspond with the upper 
partial tones of the tone sung. 

In this experiment the tones of numerous strings are excited 
by a tone proceeding from a single source, the human voice, 
which produces a motion of the air, equivalent in form, and 
therefore in quality, to that of this single tone itself. 

We have hitherto spoken only of compositions of waves of 
different lengths. We will now compound waves of the same 
length which are moving in the same direction. The result will 
be entirely different, according as the elevations of one coincide 
with those of the other (in which case elevations of double the 
height and depressions of double the depth are produced), or the 
elevations of one fall on the depressions of the other. If both 
waves have the same height, so that the elevations of one exactly 
fit into the depressions of the other* both elevations and depres¬ 
sions will vanish in the second case, and the two waves will 
mutually destroy each other. Similarly two waves of sound, as 
well as two waves of water, may mutually cfestroy each other, 
when the condensations of one coincide with the rarefactions of 
the other. This remarkable phenomenon, wherein sound is 
silenced by a precisely similar sound, is called the interference of 
sounds. 

This is easily proved by means of the siren already described. 
On placing the upper box so that the puffs of air may proceed 
simultaneously from the rows of twelve holes in each wind chest, 
their effect is reinforced, and we obtain the fundamental tone of 

sharply sung, or called out, beside a piano of which the dampers have been 
raised, that vowel will be echoed back. There is generally a sensible pause 
before the echo is heard. Before repeating the experiment with a new vowel, 
whether at the same or a different pitch, damp all the strings and then again 
raise the dampers. The result can easily be made audible to a hundred persons 
at once, and it is extremely interesting and instructive. It is peculiarly so if 
different vowels be sung to the same pitch, so that they have all the. sarn# 
fundamental tone, and the upper partials only differ in intensity. For female 
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mmmr m mtmc, 

Ae corre^pndi»« to** ,,f Ui * dtmt **** ,al * 1 “*'* **"**’ 
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ton* raakh«, »«d w. only beer * Will *«nd of tbejtort WJ 
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by interferm* under ti*** dimmkamm, 

^ hOmtmmm UmmW net© theao mlkA wwdwd Iwnta, If *«« 
tow* of «4 «M> MUM | 4 Wh are produced auuultMieiwwIy, and 

iwwrwi* to 

M) 4 if tony did not erfnekb at ftral they never will «*«««*, 

Tb« two ton** will dilhwr perpetually wAafctt*, or perpatonUy 
deetwy «Mh otbur. But if 0» two tow* have only «PP«** 
«iwa pitch*, mid their etevnltotui at «»* ■mmi'k, m 
that tins' mutually teiwfeeoe *a*h other, the detmUmm of ow* 
will gradually outotrip the otemiAmm at Urn other. Tima •*« 
eowowhMi the idaratfeiwef the «•* fell %»n dm drprwittotm at 
*th@ other, and tin* «th*r the mm atom* 

tag eievntJooeof the ow will her* egeie mM 
ofUmotlmr. dtmmikmhmmammlM*kj tb**>****** 

nate i,and d«m«» of loodowa, wbloh m *•« • *>* 

V,.-.- , . ■■ * ■ ■ -- -■ 

**« Wit -v..tly it* mbm ,-tov * ....- .4 tW art* M«ft 
When the wreor l>n- wm** wh»to w* ■»* >*■>.<'• *»*« 
hammer nn e piano are out, «f tm*«, iS^ l*«w*t* way be diatlnotly 
iwetd, Very dtt and r»v«i.»r !*••»»» ••**<•'» }•»••*? *■*• •» :■•'■*»* ' 

Sekl^iwSw^taF****- wave* or by a putln twwwf t'muff 
the tone » ehamctor of esthoakiew atMi amotion. i*he ifrmtw 
tlut (UBVwne* »f Um fttdWb th» qaWiwP the beat*. A* loa* m 
m man than four to *ix tell mme inn eeeond, the ear nwdtty 
dietingeiaiiee the aJt««Mto rrtrfwwwMita «f the «eaa> if the 
l*»te aw mow rapid the tone grade* on tlw «r,«f t if it le bigto, 
UyoiHHiLutting. A grating tone bone Interrupted hf rapid 
iirraha, like that of the letter ft, whfah hi prndtltod hjr Inter' 
nipling the tone at the «*k» by • tmaor of the tongue m 
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“When the beats become more rapid, the ear finds a con- 
tinually increasing difficulty when attempting to hear them sepa¬ 
rately, even though there is a sensible roughness of the tone. 
At last they become entirely undistinguishable, and, like the 
separate puffs which compose a tone, dissolve as it were into a 
continuous sensation of tone. 1 

Hence, while every separate musical tone excites in the 
auditory nerve a uniform sustained sensation, two tones of dif¬ 
ferent pitches mutually disturb one another, and split up into - 
separable beats, which excite a feeling of discontinuity as dis¬ 
agreeable to the ear as similar intermittent but rapidly repeated 
sources of excitement are unpleasant to the other organs of 
sense; for example, flickering and glittering light to the eye, 
scratching with a brush to the skin. This roughness of tone is 
the essential character- of dissonance. It is most unpleasant to 
the ear when the two tones differ by about a semitone, in which 
case, in the middle portions of *bhe scale, from twenty to forty 
beats ensue in a second. When the difference is a whole tone, 
the roughness is less; and when it reaches a rfhird it usually 
disappears, at least in the higher parts of the scale. The (minor 
or major) third may in consequence pass as a consonance. Even 
when the fundamental tones have such widely different pitches 
that they cannot produce audible beats, the upper partial tones 
may beat and make the tone rough. Thus, if two tones form a 
fifth (that is, one makes two vibrations in the same time as the 
other makes three), there is one upper partial in both tones 
which makes six vibrations in the same time. How, if the ratio 
of the pitches of the fundamental tones is exactly as 2 to 3, the 
two upper partial tones of six vibrations are precisely alike, and 
do not destroy the harmony of the fundamental tones. But if 
this ratio is only approximatively as 2 to 3, then these two upper 

known out of Northumberland, in England. In France it is called the r 
grasseye or provengal , and is the commonest Parisian sound of r. The 
uvula trill is also very common in Germany, but it is quite unknown in 
Italy.—T e. * 

1 The transition of beats into a rmrsh dissonance was displayed by means of 
two organ pipes, of which one was gradually put more and more out of tun® 
with the other. 
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musical tones sufficed to determine ft preference in f«*«ur **f 
progressions though certain determinate intervals. W non an 
upper partial tone is common to two successive tones in a 
melody, the ear recognises a certain relationship h t » thorn, 
serving as an artistic bond of union. Time is, however, too 
short for mo to enlarge on this topic, as we should Is* obligtid 
to go far hack into the history of music. 

X will but mention that there exists another hind < >( ■< <’■ md.tiy 
tones, which are only heard when two or more lowlisli tones 
of different pitch are sounded together, and are hence termed 
combinational 1 These secondary tom* are likewise capable uf 
beating, and hence producing roughness in the chorda. Htifijww 

a perfectly just major third d d pp (ratio of pitch**. 4 to 5) 
is sounded on the siren, or with property tunc! organ pip**, or 
on a violin j* then a feint (' ^ two onto* a «H»«r than ti» 
d will be heard as a combinational tone. The eawe 0 i* a)ao 
heard when the tones d g' (rath of pitefaw 5 to 8) are 
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combinational tones will have different pitches, and produce 
faint beats. 

The combinational tones are usually much weaker than 
the upper partial tones, and hence their beats are much less 
rough and sensible than those of the latter. They are conse¬ 
quently but little observable, except in tones which have scarce!) 
any upper partials, as those produced by flutes or the closed 
pipes of organs. But it is indisputable that on such instruments 
part-music scarcely presents any line of demarcation between 
harmony and dysharmony, and is consequently deficient both in 
strength and character. On the contrary,. all good musical 
qualities of tones are comparatively rich in upper partials, 
possessing the five first, which form the octaves, fifths, and 
major thirds of the fundamental tone. Hence, in the mixture 
stops of the organ, additional pipes are used, giving the senes 
of upper partial tones corresponding to the pipe producing the 
fundamental tone, in order to*generate a penetrating, powerful 
quality of tone to accompany congregational singing. The im¬ 
portant part played by the upper partial tones in all artistic 
musical effects is here also indisputable. 

We have now reached the heart of the theory of harmony. 
Harmony and dysharmony are distinguished by the undisturbed 
current of the tones in the former, which are as flowing as when 
produced separately, and by the disturbances created in the latter, 
in which the tones split up into separate heats. All that we 
have considered tends to this end. In the first place the phe¬ 
nomenon of beats depends on the interference of waves. Hence 
they conld only occur if sound were due to undulations. Next, 
the determination of consonant intervals necessitated a capability 
in the ear of feeling the upper partial tones, and analysing the 
compound systems of waves into simple undulations, according 
to Fourier’s theorem. It is entirely due to this theorem that 
the pitches of the upper partial tones of all serviceable musical 
tones musj stand to the pitch of their fundamental tones in the 
ratios of the whole numbers to 1, and that consequently the 
ratios of the pitches of concordant intervals must correspond 
with the smallest possible whole numbers. How essential is 
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the physiological constitution of the ear which wo have jo i 
considered, becomes clear by comparing it with that of th# eye. 
Light is also an undulation of a peculiar medium, the hum- 
nous ether, diffused through the universe, and light, ns well 
as sound, exhibits phenomena of interference* Light, too, lot# 
waves of various periodic times of vibration* which produce 
in the eye the sensation of colour, rad having the grMtasfc 
periodic time, then orange, yellow, gf mm § blue* violet; ikm 
periodic time of violet being about half that of fch© outermost 
red. But the eye is unable to decompose eompetioil ny*Um* of 
luminous waves, that is, to distinguish compound colours from 
one another. It experiences from them a single, Ufiofislyaftbl#, 
simple sensation, that of a mixed colour. It is indifftment to 
the eye whether this mixed colour remit# from a union of 
fundamental colours with simple or with tton*iimplii ration of 
periodic times. The eye has no |ens© of harmony at* the m%mm 
meaning as the ear. There is no music to the ejr*. 

^Esthetics endeavour to find the principle of artmtie beauty 
in its unconscious conformity to law. To-day € have ends** 
voured to lay bar© the hidden law* on which i&immh the 
agreeableness of consonant combinations. It Is In Hitt intent 
sense of the word unoousdiously obeyed, no fur aft it dspmdi m 
the upper partial tones, which, though felt by t!» mrfm t mm 
not usually consciously present to eh# mind, Tfikr mm* 
patxMlifcy or incompatibility, however, Is frit without the hmmr 
knowing the cause of the fooling lit experfoace*. 

These phenomena of agmmbhnmm of t m 
solely by the wtmx, m of mum mmm If the R \ t f to* * . 
the beautiful in xmv/w, I' r if r a* d- . i >»f i } ■ , ■ 
beauty which appeebtetfc# Ink Unfit* 1 turn Rg K§ 1| In n. r 
are only means, although mmnU%l mi tin mn% In 

dysharmony the mditmeg mmm Ml hurt by ilm \m%U of kmmb 
patibl© tones. It longs for th# p&m efflux of fit# kmm Into 
harmony. It boston:; towmd tloit Imrrmmy for «| feoii « 
r«fc. Thus both Imrmcmy mi tiyrhtmw'tty nStoimtoly urp 
* moderate the flow of tones, wliilo itio mind in fftoir 
immaterial motion an Imago of if# own |s ipiiually summing 
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thoughts and moods. Just as in the rolling ocean, this move¬ 
ment, rhythmically repeated, and yet ever varying, rivets our 
attention and hurries us along. But whereas in the sea, blind 
physical forces alone are at work, and hence the final impression 
on the spectator’s mind is nothing but solitude—in a musical 
work of art the movement follows the outflow of the artist’s 
own emotions. Now gently gliding, now gracefully leaping, 
now violently stirred, penetrated or laboriously contending 
with the natural expression of passion, the stream of sound, in 
primitive vivacity, bears over into the hearer’s soul unimagined 
moods which the artist has overheard from his own, and 
finally raises him up to that repose of everlasting beauty, of 
which God has allowed but few of his elect favourites to be the 
heralds. 

But I have reached the confines of physical science, and 
must close. 
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fm world of toe end of dm!mow, *tto won the 
•ttummito of too wi&imting Ajpin# ebefR.eo etoni, m miliary, 
m doagewrae,it may 1#, bm yefciteown jnmBtrtoot». Not 
only duM It meWn toe attention of tit* netnml phitomplwr, 
who In it «»»" i««>'t wooderfoJ dWownwi** to too 
and pn»i htotory *4 too gtotw, bnt every manner ft mlkm 
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to th<« land <m|te, «»tom m«„* M4H j, nHrato Into too atoOOfO 
world, willingly aahjerifag thmmivm to *Jws m<»* ..*t,.ii»e 
degree* of oxortion and danger, If only they may flB ttomralve# 
with the napect of it* eebltodty, 

1 will out at tent pi what ha* *0* often tom attempted In veto 
—to depict in word* too braufcy and ttwgnlBamro «f rarfure, 
vkw. aapeet delights the Alpine traveller. I raoy well pramnn 
that it 1» known to moat of yon from yew own ikmmmt ton} or, 
it i« to 1* JtojHwl, will Ixim. But I tangra* iterf U,ettaiighi 
mid intenwt to too megnifkwnm of toeoe — WM will otolto yon 
t)«« more inclined to tend a willing ear to the *<■•-■» t . -3to rwmlw 
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the glacial 'world. There wo see that minute peculiarities of 
ice, the mere mention of which might at other times !«■ regarded 
as a scientific subtlety, are the causes of tin* most important 
changes in glaciers; shapeless masses of risk begin to relate 
their histories to the attentive observer, histories which often 
stretch far beyond the pent of the human race into tin* 
obscurity of the primeval world; a peaoefnl, uniform, and 
beneficent sway of enormous natural forces, where at first 
sight only desert wastes arc seen, either extended imkfi- 
nitely in cheerless, desolate solitudes, or full of wild, threat, 
ening confusion — an arena of destructive forces. Ami thus 
X think I may promise that the study of the connection of 
thoao phenomena of which I can now only give you n very short 
outline will not only afford yon some prosaic instruction, but 
will make your pleasure in the magnificent *»*»»» of the high 
mountains more vivii£your interest deeper,and your admiratum, 
more exalted. 

Let me first of all recall to yonr remombrnni* fho chief 
feature of the external appearanoe of the upow-fielde and of 
the glaciers; and let mo mention fho aecurete measurements 
which have contributed to supplement observation, before I pom 
to discuss the casual commotion of those pnxwses. 

^ The higher w« asoend the mountain* the colder it become*. 
Our atmosphere is like a warm covering spread over tho earth j. 
it is well-nigh entirely transparent for ri. . * 

rays of thesan, and allows them to pee; , . ■ • . 

ciable change. But it i* not squally ;<* Mtmbbi fcy ohsctu* 

. heat-rays, which, proceeding from h :»n <1 p • 'rid ri, « 
struggle t<> din'u e then . . i ... 

by atmospheric air, »*• |«'i iiy r. ' ■ . > f; . t:, . 

is itself heated thereby, m.d re; . i ■. 1 ■> '• r > '* - 

heat which has Umt gained, The - K{»nditur» of bsmt » tints 
retarded as compared with the supply, and » certain st>4»;«d 
heat is retained along f be whole surfiw* of the earth. But <m 
high mountains the protective renting t)m atmosphere w fkr 
thinner—the radiated h«at of the ground «m matpo tbnntw 
more freely into space; there, ,u-*;«fdingly, the iwumuinU'd 
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Jiabits, apart from the dazzling of his eyes, which he mmi pro 
teet by dark spectacles or by a veil, usually gets severely sun¬ 
burnt in the face and hands, the mult of which in mi intlam- 
matory swelling of the skin and great blisters on the surface. 
More pleasant testimonies to the power of the sunshine are tho 
vivid colours and the powerful odour of the small A lpine iluwers 
which bloom in the sheltered rocky clefts among tho snow'flak!*. 


hire of the air above the snow-fields only rises to 5% m at tnort 
8 °, this, however, is sufficient to melt n tolerable amount of the 


too short to overpower the great masses of snow which have 
fallen dining colder times. Hence the height of the snow-ltne 
does not depend merely on the temperature of tin* mountain 
slope, but also essentially on the amount of the yearly mim* 
full. It is lower, for instance, m the moist and warm month 
slope of the Himalayas than on the far colder hut aJ«o far drier 
north slope of the same mountain. Commpmiding to the moist 


comparatively considerable, so that few mountains of til® earth 
can be compared with them in this respect Stud* m develop* 
merit of the glacial world is, as far m wo know, met with only 
on the Himalayas, favoured by the greater height; in QmmhM 
and in Northern Norway, owing to flic rubier diimifo; m * few 
islands in Iceland } and in Now fount tint mrnm iilniu* 

dant moisture. 

Flue® above fhe snow-llno mm thus rl»titrf*'fred by ttm 
fiiet that the snow which in tin reti e of the ymr Mh on 'm 
surface does not quite twit away in umii #-r f bin remain ii, 
some extent. Thh mmw, whlrh mmmr tm Ki, i j»„, 
treted from the further mtim of Hit hm% by tint tmh 
({wntitiw that fall upon it during the next autumn, winter, mid 
spring. Of Ud» mw mww mlm mm% Immm mtm 

thus ymt by ymr freli km ft of snow mm mmm* 
undated one above the other, In tho»# pftimt where aorh in 
accumulation of snow ouch, In a strep pradpire, and iu 










ice a:vd athcmm * 09 

utrudmv U th*-; ^ h ' - ; . '<*'T*d )* niy 

* layers art? eusily recognised. 

But it m clear that thin accumulation of layer tipon layer 
cannot go on indefinite* for otherwise tlm height of the wow 
pmk would continually increase ymr by year, lint the mom 
this mum in acctsinn luted the steeper art lb# elopes, and ttit 
greater the weight which preasi* upon the lower and older 
layers and tries to displace them* Ultimately a state must lit 
leeched in which the snow-slopes art too »UNf to allow frwli 
snow to rest upon them, and In which the burden which presses 
the lower layers downwards Is m great that these can m longer 
retain their position on the sides of the mountain* Thus, part 
of the snow which had originally fallen on the higher regions of 
tlit mountain above the snow-line, and bad them been pro- 
teotod from melting, is compelled to leave lie original position and 
seek a now one, which it of emrao finds %tily below the snow* 
line on the lower slopes erf the tBountein, and imperially in the 
valleys, where however, being mwgamA to the iuUwmm of a 
warmer air, it ul^ately melts and Hows away as water, The 
desoent of mmm it mmm §mm their mdginal lotions *©»$#* 
tlinei taqppsn* eisMtilf to bm ii is UiMitily tuty 

gradual to the fora of pfae/cv 1 *, 

Thm wo must dierrimlitatfli trims* two distort part* *#f 
flit Ice-field*; that to first, tlm mmw whuh origfaaliy frito- 
oJkrd fim to Bwita^rh&ud -ahoft the snowdtoe, miming Urn 
etopes of the prik* as lur as It east hang e* to them, and filling 
lip tlm upper wide krftl.^«baped cuds of the valleys forming 
widely extended fields of snow or Jhmmmm* BmmMy § the 
glaciers, enll«d In the Tyrol /mr, which m prolongations of 
the snow'fields often extend to a distance of from 4,000 to 5,000 
fmt below the snow line, and in which die loose snow of tlm 
snow-fields is Again found changed into tean&pamii with) tos, 
Mmm the name gtecmr, which is derived imm the last*a, 
gimrnmi French, gkm f gtneier* 

Themttwdkl appearance of glaciers!* very 
imm rihed % sonpsring them, with Cteethe, to currents «f fan, 
1‘licy generally stretch from the enow-fields along the depth of 
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the valleys, filling them throughout their entire breadth, nnd 
often to a considerable height. They thus follow all the cur¬ 
vatures, windings, contractions, and enlargements of the valley. 
Two glaciers frequently meet the valleys of which unite. The 
two glacial currents then join in one common principal current, 
tilling up the valley common to them both. In some place* 
these ice-currents present a tolerably level and coherent aui face, 


but they are tamially travm» «> 1; .. >• . • -r • ■’ ■ 

surface and through tl.- . i«.unt;.'* Mm.1l Mtd hnv 

water-rills ripple, which ratty off the water fornmd by the 
melting of the ice. t’liifol, and t> rmit. • t >. m, they hurat, 
through a vaulted and clear Umt pan-wity of Fm, out at the 
lower end of the l«i "er glacfen 

On the surface of tjtt Ira tbi-ic h a large quantity of bb*k* 
of stone, and of rocky -iitrw, »» Icb at the lower end of tha 








ice Am omcibmi. 


glacier an* heaped up and fortn immenae walla; ihcae aw called 
‘ tin, kiteml and tcrmuml nwmim of the glmdmr* Other Imp m 
of rock, tlit emiml atreteh along the aiirfaoe of the 

glacier in the direction of ila length, forming long wgiikr dark 
line*. Timm always atari from the plmm where two glacier 
ntw.-ima coincide and unite. Tint central moraine* a m in inch 
places to be rigarded m the contitmaitomi of the united lateral 
moral nm of the two gladera, 

* The formation of the central moraine to well mproacntMl in 
the view ahovc given of the Uoteraar Olactor (Fig. 1*1), In 
the background art ms the two glacier eniTenM emerging from 
different valley*; m the right from the 8dirack horn, find on 
the left from the Finitorarborn. From the place where they 
unite the iw!;y u.di h* ^ ' ) *' * d« 

aoenda, conaittutifig the central moraine. On the left aw ran 
individual large mmmm of rock rating oil piUart of im § which 
m known ae finder tables. 

To exemplify time mmmMlmmmm still further, f lay bofow 
y m in Fig* 14a dap of the Km 4* Ohm of Chamounl, copied 
(mm that of {tarts**. 

The Mm is Ohm to site to well known gut tie largest gbtetor 
la Hwilmrbm& 9 although in length It to mmm M hy the Atetoch 
Olactor# It to formed from the flMwdfetda that war the 
heights dfmtily north of Mont Iltot», uavensi of which* an the 
Grande Join*, the Aiguille V#rt§ (a, 1 *11 and IS)* the 

Aiguille dti GMant (b), Aiguille dit Midi (c), ami ffcto Aiguille 
d»i On* (d), are only 2,000 to 1*000 feet below flint king of the 
Knropf'iivi mountains. The anewdlald* which lit on the dopes 
mid iti ih« hfiniriH tottween time monntain» collect inthrapHn* 
cipnl curivtit*, list* Glacier dii Giant, Glacier do Ltbhaud, and 
Ghieirr flu Tid* fie, mhw)i t • * n*- I 

in the map, form the Mm* do Glace; this stretches a* an ie#* 
eitmat 2*000 to 3,000 feet in breadth down into the valley 
of CBtomoani^whcre a powerful stream, the Arveyron, bursts 
front Its lower end at k f and plunges Into the Aim Tti# low¬ 
est of the Mer do Glace, which to visible from the 

valley of Ctaamotml, and forma a krge cascade of toe, to mm* 




, part of the Mar da Obat hum the inn a* th% Ifaitanm-t, m>l 
when they are fi m tom #Wm< * rr<«« t m glamr at Utu }»<»»*-■ 
to the little houw# on the »i«!e, th« Chujwtt {«*,. 
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Although, as the map shows, only 
a comparatively very small portion* 
of the glacier is thus seen and 
crossed, this way shows sufficiently 
the magnificent scenes, and also 
the difficulties of a glacier excur¬ 
sion. Bolder wanderers march 
upwards along the glacier to the 
Jardin, a rocky cliff clothed with 
some vegetation, which divides the 
glacial current of the Glacier du 
Tal&fre into two branches; and 
bolder still they ascend yet higher, 
to the Col du G6ant (11,000 feet 
above the sea), and down the 
Italian side to the valley of 
Aosta. m o 

The surface of the Her de Glace .j 
shows four of tla# rocky walls which & 
we have designated as medial mo¬ 
raines. The first, nearest the east 
side of the glacier, is formed where 
the two arms of the Glacier du Ta- 
l&fre unite at the lower end of the 
Jardin; the second proceeds from 
the union of the glacier in ques¬ 
tion with the Glacier de L6chaud ; 
the third, from the union of the last 
with the Glacier du Geant; and the 
fourth, finally, from the top of the 
rock-ledge which stretches from the 
Aiguille du Geant towards the cas¬ 
cade (g) of the Glacier du Geant. 

To give you an idea of the 
alope and the fall of the glacier, 

I have given in Fig. 15 a longi¬ 
tudinal section of it according to 
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tho levels and measurement* taken by Fori**, with th* view n f 
the right bank of the glacier. The letter* stand for the mtm 
ohjocts as in Fig. 14 ; p is the Aiguille do Unhand, < t the Aiguille 
Noire, r the Mont Tacul, f m the Col du (Want, the h.weat point 
in the high wall of rock that surrounds the upjier end of the anow- 
iiehls which feed the Mer de Glace. The Imae line airmpunh to 
a length of a little more than nine mile* : on the right the height* 
above the sraare given infect. The drawing show a very dbtinetly 
how small in most places i» the fall of the glacier, Only an nmmni . 
mate estimate could ho made of the depth, for hitherto nothing 
certain has been made out in reference to it, Hut «! .<• ,• j 

deep is obvious from the following individual ami aaddentd 
observations. 

AUhf!lmi1 of a v °rtical rock wall of the Tamil, the edge of the 
Glacier du Giant i* pushed forth, forming an m, w*U Mo feet in 
height. This would giw the depth of one of the upper arm* of the 
glacier at the edge. In the middle and after the union «f the three ’ 
glaciers the depth must be far greater. Somewhat below the jtinc. 
tion Tyndall and Hirst aoundod anwnlin,il,.,r m, # ««>!«■ U m , m h 


Or, instead of the Ithinenad the 
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border m f.ir bm wa can too from Um rivw, and l!w»n tin* united 
currents stretching downward* to tw-jnnul AmtmtinftliMuwtt ami 
JUirg Ithcimtmn; mtob a current would alao about oomapoml 
to tint »l m of ill*? Mer do tllm?*** 

Fig, 16, which km view of this magnifteptti Ocmtr Clladrr 
mm fmm below, aJao give* nst Mm of the dm of the mmmm of 
ice of l he larger glacier*. 

r«N llh 


The? mirfcicn of rurmi glarler* in flirty, from the ntixtiarmti 
{•nlihliw til**! wm4 which lit? upon ft, mud which are limped together 
t he more the if*** under them and among them melt* away* The ire 
of the Miriam hm I wen partially destroyed and rendered crumbly. 
InTb® dept ha of the crevaaMw in* k mm of a purity and climr* 
n$m with which nothing that we are acquainted with mi the 
plain* mu he comjmwl. Fmm it* purity it aliowa a aptendhl 
blue, Hi# that of the #ky, only with a gmmmk bm Cntvaane* 


J 
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in which pure fee is visible in the interior occur of nil mm ; in 
the beginning they form slight cracks in which a knife cats scarcely 
be inserted; becoming gradually enlarged to dmmm, huadredanr 
even thousands, of feet in length, and twenty, fifty, nnd m mueJi 
as a hundred feet in breadth, while mm® of them arc tmimmmmMf 
deep. Their vertical dark blue walls of crystal ice, glistening 
with moisture from the trickling water, form mm of the most 
splendid spectacles which nature cun present to m; but, at the 
same time, a spectacle strongly impregnated with theexcifemetit 
of danger^aitd only enjoyable by the traveller who fwla perfectly 
free from the slightest tendency to fieldlinens. The touriet ttttntf 
know how, with the aid of well-nailed show awl a pointed 
Alpenstock, to stand even on slippery ice, and nt the m!;*** i.f ,i 
vertical precipice the foot of which Is lost in the darkness of 
night, and at an unknown depth. Such crevasse* cannot always 
be evaded in crossing tie glacier; at %hn lower part of the Mt% 
de Glace, for instance, where it h n Uy n«»- * 4 by 1i *>. ||shs, 
we are compelled to travel along some extent «if precipitous 
banka of ice which are occasionally only four to eh feet la breadth. 


mind, to shrink front item | thus md 


with snow 


waller only sets a 
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If tbs snow bridgesere thick «*«»gh, they will wtjfflfi * **•* > 
tot t hmytmmt slwsy* », W,J . l}imm £*** 
mi mm ctomob, are «o often I**. **"* 

to guanled sgrinet if two or tbw men rnmm |*4 to**** •* 
IntSLofTn or tw.lv,, foot If then so. of th«* <*»• fato • 
crevswe, the two other* e»n bold him, end drew him wHfk; 

In wntt plsoee the ®wm«» »»? to entered, «*w>ell> 
,t the lower end of e glintor. I# th* "•M**™ 
Urfadelwnhl, Roeenkoi, end other phito», Uilai k tosh to 
to cutting stop. mi emngfaf wooden pkoks. Tten eoy mm 
who A,m mt Lr the perp*mdly irfeklfag wstor m*y «*pk« 
three crenueee, end -dmire tto wortdwifally t«tof*r«t m»«! 
pure cry Ail well. of thorn towwm Tte htouUfhl Woe colour 
which they exhibit is the torture! rolmirof perfectly pat* water | 
liquid watsr m well m ice U blue. though to eft «hw«rfysw*II 
extent, so tfaet the tohmr is o^r sWhlf to ** * 

twelw feet fa thkknem. the water of the l*ke of Ocoee# end 
0 f Lmro 41 (lord* exhibit* the on*** splendid eolotir m few, 
Ute stokffe mm not everywhere wewnwl j fa piece* where 
then* men* with on ©t*totel»,«#d fa th* middle of greet fl>»«kr 
— *• — * *** b **+ 




Ki* IT one «f mm to-1 !«*»' * «»*» m *-»« 

fitare st tli»» M<»M»nv«rt,tto little tmmf Which faewefe *• 
background. The CW -■", where it forms tto height of 

tto I«m fa,m the Upper Rhone wlfay to the wihf, mey 

ewn to crossed on hombeek. We tod thegitottotdlsfaAwito 
of the surface of the glacier in those pin*** where It pstee§ 
from » slightly inclined pert of it* bed t« ««« where the stop# is 
Tho ice is there torn in nil direction* into * quantity 
„f Urterho,! blocks, which by melting ere mmelly changed Into 
wonderfully *h*|*d sharp rhlgre end jiyrsmldn, end from time to 
time f»H into the interjacent crevasses with a loud rumbling 
nolit H^m fartn * distance eneb s pisoe eppeere Ilk# * wild 
trrnm waterfall, and is therefore celled * cascade j stub <r cascade 
U mm fa the Cllackr du Tnltfre et I, soother Is sewn in the 
Olscfaf da Odattt at g, Fig. 19, while * third farm* the lower 
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end of the Mer da Glace. The latter# already moxiUn&Cfl i« t,h# 
Glacier deg Beds, which rises directly from the trough of tli# 
valley at Charnotmi to a height of 1,700 feet, the height of the 
Kdnigstnhl at Heidelberg, affords at all times a ebittf object of 

Fxo. if* 
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u,h tow* to tl* mm follows from «*• «*»*' 
si.lcrstiotm by which I haw «Kbw*««m! to «<pWn *»•*> wi*«» 





«» !ow#r «,«» by tnolUnjf, it would entirely II ftmh ton 

ili«l wot oqpliouiilly |inw forward from abates, which, again, •» 
mmb »p Hy 13b# ioowMU on th# top*. # 

Bui If etif«sltil ocular ulwmrmMm mm mmy mmwimm mmI«m * 
lliitl tl# filter does actually mom Iw tls# taltftUtaiitA of 
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valleys, who have the glaciers constantly before their eyes, often 
cross them, and in so doing make use of the larger Weeks 
of stone as sign posts—-detect this motion by the fact that their 
guide posts gradually descend in the course of meh year. And 
as the yearly displacement of the lower half of the Mer *I«? 
Glace at Ohamouni amounts to no lews than from 400 to f?0fl 
feet, you can readily conceive that mud* displacement*! must 
ultimately be observed, notwithstanding the slow rule at which 
they feike place, and in spite of the chaotic confusion of mmmmm 
and rocks which the glacier exhibits, 

Besides rocks and stones, other objects which have acci¬ 
dentally alighted upon the glacier arc dragged along. In 1788 
the celebrated Genevese Saussure, toguthnr with hta sou and a 
company of guides and porters, spent sLwti days on the Go! chi 
G&mt. On descending the rocks at the side of the cnacufo of the 
Glacier du G4ant, they left behind them a wooden ladder* This 
was at the foot of the Aiguille Noire, where the fourth baud of 
the Mer de Glace begins; this line thus mark*at the mum time 
the direction in which im travels from this poiti^ In the year 
1832, that is, forty-four year* after, fragments of ilii I nidi i w$ m 
found by Forbid and other travellers not for Mow the junction 
of the three gladers of the Mer da Olsen, In the oasao Hut (at 
s, Fig. 19), from which It results that these part# of the glacier 
must on the average have each year descended *!?§ feet, 

In the year 1827 Miigi hud built a hut on the neutral 
moraine of the Uniatwar 0lacier for ilia ptirpow* of tuuking 
observations; the exact position of thin hut wait hy 

himself and afterwards by A«*a **, and they hum 1 that mrh 
year it had moved down wank V m-twn y mm lafer, in the 
year 1841, it was 4,884 fkt h*A >> 4 i w f v p «r It hud on 

the average moved through 31b U* u Am * * Mi. red p. 
that his own hut, wMch la bad urn i-d un llu > ■ > Tf had 
moved to a somewhat smaller extent* For ttotf* cA rnwmlmm * 
longtime was nectmiyi But If the twriton of fl « }’♦ 

observed by means of iimm*- m u hr/ in mute , • *♦, 
theodolites, it is not n«*> . a v *<. . / <* ,a y «u. to o nv tUt an 
moves—a single day .is JsdMtab 
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teveml id***'™*** f ^ j. ^ mirM 

through tw«.ty »*» * ^ J^JSTlSif 4» !**>*• M* 

omwI* U..» motion omoMiiW b» mi »«“* *• A1 

a day. In oiulor Urn vuh^ty In only *■* ** 


mm. of t\m Urn do ««*• •*»*••• ****** 
Olsctsr du (Mut fMrtm® Ink* n d*y§ »u4 tlw 
y/.Aan.ri tiitso incbM and * k*tf» !•» 4 l 90 tr^% 

*»’■ ■» .. 






s if ^observe thedistance Crow ngivsn point at tiro edge u> 

a given point of the middle, both of whirl, , ; v ,, , 

»uue line, but the latter .if which afterward* desmuM mmv 
rapidly, we shall find that t bm dhtiroee nmtitittnlly kmvnma- 
and since the ice cannot expand to tut extent ome .ponding to 
tho inmwsing disbuitv, it brco. , • , 

along the edge of U,--,, , ,1 • 

Gonier Glamor at • . . , 

here to attempt to giro a tfeteiW, *,,!« tmii , j . imUl 

of the rr ,,,.lar ,y ^ , „ 

j>art» of all glaciers; it n-y » 
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size, the inclination, the amount of snow-fall, and other circum¬ 
stances. 

Such an enormous mass of ion thus gradually and gently 
moves on, imperceptibly to the casual observer, about »« jj u .j, 
an hour—the ice of the Col <lu Giant will take 120 years before 
it reaches the lower end of tho Mcr de Olaoo--bin it move* 
forward with uncontrollable force, Is-foro which any oimtnele* 
that man could oppose to it yield like straw*, arid the trace* 
of which are distinctly seen even on tho granite wall* nf tho 
valley. If, after a series of wet season*, and an abundant foil 
of snow on the heights, the base of a glacier advances, not 
merely does it crush dwelling house*, and break the trunk* of 
powerful trees, but the glacier pushes before it tho boulder wall* 
which form its terminal moraine without seeming to osiierit non 
any resistance. A truly magnificent Kjnxtsc]« is this motion, 
so gentle and so couthmous, and }«t m powerful and m 
sistible. 

I will mention here that from tho way in which the glacier 
mtrireg ,-fe can easily inforin what plan* and it*«hat dim-iions 
crevasses will ho formed. For as ail layers of the glacier do 
not advance with equal velocity, some point* remain behind 
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pn a*d oun***, »»» 

of eimMt. H» WJtiao «* »*• Mw **» UUm (FSg. 21. ** ** 

c b) *b 0 »# pka* whom « *w»«*ljr |*»w»f*«****- «*»■««* ** u ** 

ine!in*iiot> of th# MrCafl» of thaw* •*» **f ^ tam ,WI to •*** 
•hmw. TMabaafletent*« «* mmrnwtmrnm 

on th« «..<**• Tyndall awn* •!-«*■% >»*• «nM «-• •**»' 
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fa* ifc 



of lilt? glieltr dfocw not j$lva wav in (Imi 4tay*n to ##► 

lifpsll'rti, bill wliifii toapttfi taw aawiata 

Tim »fMr4wtw& ftf ili# tmaUbf% toc^ in tftni tiiiftitw af ita 
glitMr it ttmMy awplainrtl whm w$ fcka (Mr natal taw 
a^wuitt* Tl« »#« ta*Jtam an* iri^pata^aftoaMantoataita^^n 
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the stone, and partly by the fry¬ 
ing of water in its crevices, tlwy 
. fall, arid for the moat part cm the 
edge of the mans of ico. There 
they either remain lying on the 
surface, or if they have origin idly 
borrowed in the snow, they ulti¬ 
mately ratppear in oonecquaqoi of 
the melting of the mapcrtkmt kyeiti 
of iee mid anew, and they aeon inn- 
late especially at the lower end of 
the glacier, where more of the too 
between them hue been melted. 
The blocks which are gradually 
borne down to the lower end of 
the glacier are sometimes quite 
colossal in aim Solid rocky mmmm 
of this kind nm met % ill* in the 
lateral and teAiinal mormlticw, 
which are m large m a two-storied 
house* 

The masses of uteri# mo m in 
lines which are always nearly pu» 
rid Id to each other and to the lon¬ 
gitudinal direction of the glacier. 
Those, therefor#, that are alieatiy 
in the middle remain InHit wMM% 
and those that lie m the edge 
remain at Ub# edge, *tlum fetler 
are the mmm ter during 

the entireemsmt of tit© flatter fm-h 
bottlderi are tomtmtly falling cm 
the edge, hut oumot fall on' the 
middle. Thus mm bmml m Um 
edgia of Hm mmm of lee the bimmt 
the boulders of which 
pertly move along with the te% 
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partly glide over its surface, and partly rest on the solid rocky 
base near the ice. But when two glacier streams unite, their 
coinciding lateral moraines come to lie upon the centre of the 
united ice-stream, and then move forward as central moraines 
parallel to each other and to the hanks of the stream, and they 
show, as far as the lower end, the boundary-line of the ice which 
originally belonged to one or the other of the arms of the glacier. 
They are very remarkable as displaying in what regular parallel 
bands the adjacent parts of the ice-stream glide downwards. A 
glance at the map of the Mer de Glace, and its four central 
moraines, exhibits this very distinctly. 

On the Glacier du G6ant and its continuation in the Mer de 
Glace, the stones on the surface of the ice delineate, in alternately 
greyer and whiter bands, a kind of yearly rings which were 
first obseived by Forbes. For since in the cascade at g, Fig. 21, 
jnore ice slides down in summer than in*winter, the surface of 
the ice below the cascade forms a series of terraces as seen in 
the drawing, and as those slopes of the terraces which have a 
northern aspect #nelt less than their upper plane surfaces, the 
former exhibit purer ice than the latter. This, according to 
Tyndall, is the probable origin of these dirt hands. At first 
they run pretty much across the glacier, but as afterwards their 
centre moves somewhat more rapidly than the ends, they 
acquire farther down a curved shape, as represented in the 
map, Fig. 19. By their curvature they thus show to the 
observer with what varying velocity ice advances in the dif¬ 
ferent parts of its course. 

A very peculiar part is played by certain stones which are 
imbedded in the lower surface of the mass of ice, and which 
have partly fallen there through crevasses, and may partly have 
been detached from the bottom of the valley. For these stones 
are gradually pushed with the ice along the base of the valley, 
and. at the same time are pressed against this base by the 
enormous weight of the superincumbent ice. Both the stones 
imbedded in the ice as well as the rocky base are equally 
hard, but by their friction against each other they are ground 
to powder with a power compared to which any human exertion 
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af force is infinitely small. The product of this friction is an 
extremely fine powder, which, swept away by water, «p|**ar« 
lowor down in the glacier brook, imparting to it a whitish or 
yellowish muddy appearance. 

The rocks of the trough of the valley, on the contrary, on 
which the glacier exerts year by year its grinding power, ate 
polished as if in an enormous polishing machine. They tcumin 
as rounded, smoothly polished masse*, in which are occasional 
scratches produced by individual harder stones. Tim* we see 
them appear at the edge of existing glaciers, when after a aeries 
of dry and hot seasons the glaciers have somewhat receded. 
But wo find such polished rocks as remains of gigantic ancient 
glaciers to a far greater extent in the lower part* of many 
Alpine valleys. In the valley of the Aar more especially, m 
far down as Meyringen, the rock-walls po'iahed to a con¬ 
siderable height are very characteristic. Them also wo find, 
the celebrated polished plates, over which the way passm, and 
which are so smooth that furrows have hail to lie hewn into 
them and rails erected to enable men end aftmals to traveiwi 
them in safety. 

The former enormous extent of glaciers in recognised by 
ancient moraine-dyke* and by transported blocks of stone, tut 
well as by these polished rocks. The blocks of stone which 
have been carried away by the glacier are distinguished from 
those which water has rolled down, by their enormous magni¬ 
tude, l»y the perfect retention of all their edges which are not 
at all rounded off. and finally by their lwiflg deposited on the 
glacier in exactly the same order in which the rook* of which 
they formed pert stand in the mountain ridge j whils the 
stom* which current* of water carry along tiro completely 
mixed together. 

From these indications, geologists have b.mt aide to prove 
that the glaciers of Chamomii, of Monte I'ltert, of the it. Ootte 
hard, and the Bernese Alps, formerly jewdratet} through the 
valley of tire Arve, the Rhone, the Aar, and the Rhine to the 
more level part of Hwitscriarnl and the dura, where they have 
deposited their boulders at a height «f more than a thoueatid 










cif the ioe of the gtmt Aletedb Oleeier pmhm A .own, 


extent 

I snust ntifortitnittely content nijretlf with %#•§ few r»f«tr- 
*mwm to the enetant history of*g tactere* t&d fowl new to the 


first m tttiggenfe the similarity of a gkder with a eturati of a 












ICE AND GLACIERS# 


318 

philosophers. I will at one© admit that philosophers thmm*}vm 
were not a little perplexed by these renalfc* of their invastign- 
tions. But the facts were them, and could not hi* got rid of. 
How this mod© of motion originated was for a long time quite 
enigmatical, the more so since the numerous ere vmmm in glncdem 
were a sufficient indication of the well known brittlenem of tec; 
and as Tyndall correctly remarked, this constituted an essential 
difference between a stream of ice and tins How of lava, of tar, 
of honey, or of a current of mud. 

The solution of this strange problem was found, m in m 
often the case in the natural sciences, in lipjjarenilv recondite 
investigations into the nature of heat, which form on* of the 
most important conquests of modern physics, anil which constitute 
what is known as the mechanical theory of keai, Anmng m 
great number of deductions m to the relations of the diverse? 
natural forces to eaeff other, the principles of the tnecliAutai} 
theory of heat lead to ccmtairrconchisions a* to the dependence 
of the freezing-point of water on the pressure to which ioe and 
water are exposed. 0 

Every one knows that we determine that one fixed point of 
our thermometer scale which we call ilia nr mra 

by placing the thermometer in m mixture of pure water and fee. 
Water, at any mte when in contact with Ice, cannot be c-«d»l 
below zero without itself being converted into im; fee cannot 
be heated above the freezing*point without mslUag* let and 
water can exist in each other’s presence at only mm temperature, 
the temperature of zero. 

Now, if we attempt to heat such a mixtos % a Haute 
heueath it, tha ice melts, hut the temperature of tit# mbtiet* m 
never raised above tint of so long m mnw of the im rmmim 
unmelted. The host imported efiaiigw# im at mn into w?it % 
at zero, but the thermometer teapfitmlttre. 

Hence physicists my that kmt bss haem# mt& that typter 
contains a certain quantity of Intent beat btyotiil that of im at 
the same temperature. 

On the other hand* whm wt withdraw' more bmt from 
the mixture of ice mi wat m $ the water gradually fresiu* *, but 
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Into water. In tins is found the newton why meehnniea! pn*mnm 
can influence the freezing-point. Von know that ir« mvuimm 
more space than the water from which it k forint*], When 
water freezes in closed vessels, it can hurst not only glass vwli*, 
but even iron shells. Inasmuch, therefore, tm in ihomiipmtftfMl 
mixture of ice and water some of the ion melt* and m convert™! 
into water, the volume of the? mass dixuititnhm, and the nmm 
can yield more to the pressure upon it than it could liave 
done without such an alteration of the fraecitig-point, Pre* 
sura furthers in this case, as is usual in the interaction of 
various natural forces, the occurrence of n change, that k 
fusion, which is favourable to the development of it* own 
activity. 

In Sir W. Thomson's experiments water and foe were con¬ 
fined in a closed vessel from which nothing could e*ciit|*e. Tire 
case is somewhat different when, m with glaciers, the water dis¬ 
seminated in the mispressed tee cun escape through Ikwura, * 
The ice is then compressed, but not the water which escapm. 
The compressed ice becomes colder in conformtt| with the lower- 
ing of its freezing-point by pressure; but the fme»ag-polnt of 
water which in not compressed is not lowered* Thus under 
these circumstances we have it e colder than 0* In contact with 
water at 0°. The consequence is that around the compressed 
ice water contmually Asms mid forms new te f while ou the 
other hand part of tins eompietiml tee melts. 

This occurs, for instance, when only two jtmmdt h® mm- 
prmmd against each other. By the water which ftmmm at thdr 
surfaces of content they uni firmly joined km <«*« ui 

piece of ice. With pwihd pi< 

great, this k quickly rffivt* d; hut. **t with n fmthk h 

tides place, if wflicient time Is* given. I .o.obiv, w 
this properly, (’idled it tfe- n .. tfe. , sp'^tmn ,.f 

this phenomenon has hm much mmmmnl; I. Imm detail™! 
to you that which I consider mmi mtMmdary. 

This Smdog together of two pfo-i* of im k $#ry readily 
erected by p ten* of any shape, which must not, however, I * at 
a lower tmpemtwm tbm 0%ui*d the rnprniMmm mmmtA Imt 
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when the pi«w» »ra already in tbm art «f malting . 1 They w***! 
wily lie utrongly [iwotI together for * few tninoto* to w*lw *hent 
adhere. The M»on» |'(uw arc the »tirfacm in contact, the ww*» 
complete i» their union. Hut * very atighl U •nfikdenl 

if the two piece* are loft in contort for **»«*» tone * 

Thin pr»|*rty of limiting ire »• al*>« itUli***! hy hoy* in 
making auow-baliaand anowit»«n. It** well known lH»l thin 
only aocceedn either when the WO* in already tnelting, nr at 
any r»te fat only an Binds lower than 0* that the warmth of the 
hand in vuffident to mine it to thi* tempwmlura. Very cold 
mow I?, m dry louwo powder which dowi not ntick together, 

Th* prance* which children miry out mi » mnall •mle in 
making wiow-balb taken place in glacier* an the *wy h»rgt«*t 
node. The deeper Usywn of what w*a originally fine Sow** «*»* 
are cumprtmcd hy Urn hngb buumm renting an them, often 
amounting to an vara] hundred fact, and tihdar this prMint they 
"cohere with an over firmer an# chaw aUtMttira. The frankly 
falten enow originally oonaiotod of dnlket* m fan wa ty i c mly fine 
kwipindM, unifgd and forming dnlk»ta**x>raynd, faohery mat a 
of catremo bratity. An dton m the tipper layw* of the mmm» 
field* are anpaMl to Mm* •«#*» raj* «w»* of tim mmm motto, 
water permute* maaa, find o» MMbtaf tba te*w» Igyara of 
#till colder *nuw, It again 6 *-«m% ton* Ik la that Ik* lit* firafc 
become* granular and aatfiiiiM the towparainra of the ftwmmg 
jmint. But aathewdgbtdf the *ap*rlncumt»«t mmmvitmm 
continually foensnaa* If tho firmer adheranr* *f Itn ImMImmI 
granuka, it ultimately change* i»*.a * finnan anfi perfectly hard 
mum, 

Tiiis imiisfoniiftikm of mmw into im ittnjr lit ortfMolly 
nffecteil by Mug o mwnm$Mm4lrng pmaottm 
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has lain for a while in ice-water, so as to reduce it to the tempera¬ 
ture of 0°, it is packed full of snow, and then the cylindrical 
plug, 0 0, which fits the inner aperture, hut moves in it with 
gentle friction, is forced in with the aid of an hydraulic press. 
The press used was such that the pressure to which the snow 
was exposed could he increased to fifty atmospheres. Of course 
the looser show contracts to a very small volume under such a 
powerful pressure. The pressure is removed, the cylindrical 

plug taken out, the hollow 
again filled up with snow, 
and the process repeated un¬ 
til the entire form is filled 
with the mass of ice, which 
no longer gives way to pres¬ 
sure. The compressed snow 
which I now take out, you 
will see, has been transformed 
into a hard, angular, and 
translucent cylinder of ice; 
and how hard it is appears 
from tho crash which ensues 
when I throw it to the 
ground. Just as the loose 
snow in the glaciers is pressed 
together to solid ice, so also 
in many places ready-formed 
irregular pieces of ice are 
joined and form clear and 
compact ice. This is most re¬ 
markable at the base of tbe 
glacier cascades. These are glacier falls where the upper part of 
the glacier ends at a steep rocky wall, and blocks of ice shoot 
down as avalanches over the edge of this wall. The heap of 
shattered blocks of ice which accumulate become joined at the 
foot of the rock-wall to a compact, dense mass, which then con¬ 
tinues its way downwards as glacier. More frequent than such 
cascades, where the glacier-stream is quite dissevered, are places 
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where the base of the valley has a steeper slope, as, for instance, 
the places in the Mer de Glace (Fig. H), at g, of the Cascade of 
the Glacier du Geant, and at i and h of the great terminal 
cascade of the Glacier des Bois. The ice splits there into 
thousands of banks and cliffs, which then recombine towards the 
bottom of the steeper slope and form a coherent mass. 

This also we may imitate in our ice-mouid. Instead of the 
snow I take irregular pieces of ice, press them together; add new 
pieces of ice, press them again, and so on, until the mould is full. 
When the mass is taken out it forms a compact coherent cylinder 
of tolerably clear ice, which has a perfectly sharp edge, and is an 
accurate copy of the mould. 

This experiment, which was first made by Tyndall, shows 
that a block of ice may be pressed into any mould just like a 
piece of wax. It might, perhaps, he thought that such a block 
f had, by the pressure in the interior, been # first reduced to powder 
so fine that it readily penetrated every crevice of the mould, and 
then that this powdered ice, like snow, was again combined by 
freezing. Thu*suggests itself the more readily, since while the 
press is being worked a continual creaking and cracking is heard 
in the interior of the mould. Yet the mere aspect of the cylinders 
pressed from blocks of ice shows us that it has not been formed 
in this manner ; for they are generally clearer than the ice 
which is produced from snow, and the individual larger pieces 
of ice which have been used to produce them are recognised, 
though they are somewhat changed and flattened. This is 
most beautiful when clear pieces of ice are laid in the form 
and the rest of the space stuffed full of snow. The cylinder is 
then seen to consist of alternate layers of clear and opaque 
ice, the former arising from the pieces of ice, and the latter from 
the snow; but here also the pieces of ice seem pressed into flat 
discs. 

• These observations teach, then, that ice need not be com¬ 
pletely smashed to fit into the prescribed mould, but that it may 
give way without losing its coherence. This can be still more 
completely proved, and we can acquire a still better insight into 
the cause of the pliability of ice, if we press the ice between 
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two plana wooden boards, instead of in tho mould, Info which 
we cannot see. 

' I place first an irregular cylindrical piece of natural ic*% 
token from the frozen surface of the river, wifh *t» two pUnm 
terminal surfaces between the platen of the prim If I U^in to 
work, the block is broken by pressure; every crack which forum 
extends through the entire mass of tie* bhxik ; this split* into a 
heap of larger fragments, which again crack ami an* broken the 
more the press is worked. If the priswittr© ia relax ad, all three 
fragments are, indeed, reunited by freezing, but the impact of the 


from pliability than from fracture, anil that 
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Fig. 25. 


cylinder in its original condition; Fig. 24 represents its ap¬ 
pearance after tlie action of tlie press. 

A still stronger proof of the pliability of ice is afforded 
when one of our cylinders is forced through a narrow aperture. 
With this -view I place a base on the previously described mould, 
which has a conical perforation, 
the external aperture of which 
is only two thirds the diameter 
of the cylindrical aperture of 
the form. Fig. 25 gives a sec¬ 
tion of the whole. If now I 
insert into this one of the com¬ 
pressed cylinders of ice, and force 
down the plug a,, the ice is forced 
through the narrow aperture in 
# the base. It at first emerges as 
a solid cylinder of the same dia¬ 
meter as the aperture; but as 
the ice follows #nore rapidly in 
the centre than at the edges, the free terminal surface of the 
cylinder becomes curved, the end thickens, so that it could not 
be brought back through the aperture, and it ultimately splits 
off. Fig. 26 exhibits a series of shapes which have resulted in 
this manner. 1 

Fig. 2G. 


Here also the cracks in the emerging cylinder of ice exhibit 
a surprising similarity with the longitudinal rifts which divide 

1 In this experiment the lower temperature of the compressed ice sometimes 
extended so fa* through the iron form, that the water in the slit between the 
base plate and the cylinder froze end formed a thin sheet of ice, although the 
pieces of ice as well as the iron mould hi 1 previously laid in ice-water, and could 
not be colder than 0°. 
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a glacier current where it presses through a narrow rocky pans 
into a wider valley. 

In the eases which we have described we mm the change 
in shape of the ice taking place before our eyes, whereby 
the block of ice retains its coherence without breaking into 
individual pieces. The brittle inass of ice mmtm rather to yield 
like a piece of wax. 

A closer inspection of a clear cylinder of fee compressed 
from clear pieces of ice, while the pressure ii bring applied, 
shows us what takes place in the interior; for we then mm mu 
innumerable quantity of extremely line radiating cracks aiioot 
through it like a turbid cloud, which mostly dkn|i|«mr # though 
not completely, the moment the pressure is »tn»pi*iid«L Buck a 
compressed block is distinctly more opaque immediately after 
the experiment than it was before; and the turbidity sites, 
jib may easily be observed by means of a lens, from m greet, 
number of whitish capillary lift* oroiritjg the interior of the 
mass of what is otherwise clear. These lines are this optical 
expression of extremely in© cracks 1 which in#^r|*firtate the 
maw of the ice. Hence we may conclude that tin? mmpmmft 
block is traversed by a great number of fine creek* end fissure* 
which render it pliable; that it* f mriMm become a little die* 
parsed, and are therefore withdrawn from pressure, eitd tlijti 
immediately afterwards the greeter part of the fisstues dteppiwr* 
owing to their sidca freeing. Only in those pieces in which the 
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the ice—'which, as I before mentioned, is below zero immediately 
after pressure has been applied—is again raised to this tempera¬ 
ture and begins to melt. The crevices then fill with water, 
and such ice then consists of a. quantity of minute granu es 
from the size of a pin’s head to that of a pea, which are closely 
pushed into one another at the edges and projections, and in 
part have coalesced, while the narrow fissures between them 
are full of water. A. block of ice thus formed of ice-granules 
adheres firmly together; but if particles be detached from its 
corners they are seen to consist of these angular granu es. a 
cier ice, when it begins to melt, is seen to possess the same 
structure, except that the pieces of which it consists are most y 
larger than in artificial ice, attaining the size of a pigeons egg. 

Glacier ice and compressed ice are thus seen to be substances 
of a granular structure, in opposition to regularly crystallise 
ice such as is formed on the surface of %till water. We heie 
’meet with the same differences Is between calcareous spar and 
marble, both of which consist of carbonate of lime 3 but while 
the former is iniarge, regular crystals, the latter is made up o 
irregularly agglomerated crystalline grains. In calcareous spar, 
as well as in crystallised ice, the cracks produced, by inserting the 
uoint of a knife extend through the mass, while in granular ice a 
crack which arises in one of the bodies where it must yield does 
not necessarily spread beyond the limits of the granule. 

Ice which has been compressed from snow, and has thus from 
the outset consisted of innumerable very fine crystalline needles, 
isseen to be particularly plastic. Yet in appearance it material y 
differs from glacier ice, for it is very opaque, owing to the great 
quantity of air which was originally inclosed in the flaky mass 
of snow, and which remains there as extremely minute hubbies. 
It can be made clearer by pressing a cylinder of such ice between 
wooden boards; the air-bubbles appear then on the top of the 
cylinder as a light foam. If the discs are again broken, placed 
iathe mould, and pressed into a cylinder, the air may gradually 
he more any more eliminated, and the toe he made dearer. No 
doubt in glaciers the originally whitish mass of nevfi is thus 
gradually transformed into the clear, transparent ice ofthe.glacicr 
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Lastly, when streaked cylinders of im formed frt 
snow and ice are pressed into discs, they become line 
for l»th their clear and their opaque layers are tm 
tended. 

Ice thus striated occurs in numerous glaciers, and 
raused, as Tyndall maintains, by snow falling Itntwren t 
ice; this mixture of snow and (dear ice is again cotnpr 
subsequent path of the glacier, and gradually rtretc 
motion of the mass: a process quite analogous to tl 
one which we have demonstrated. 

Thus to tire eye of the natural philosopher the gl, 
its wildly heaped ice-blocks, its desolate, stony, and i 
face, and its threatening crevasse*, has become a rniyei 
whose peacefhl and regular flow 1mh no pantile) * win, 
ing to fixed and definite laws, narrows, expands, »* | 
or, broken and shattered, falls down precipitous heigh 
trace it beyond its termination's mm its waters u» 
copious brook, burst through its icy gate and flow »wi 
a brook, on emerging from the glacier, seems dirty * 
enough, for it carries away as |s»wder Urn atom , 
glacier has ground. Wm are disenchanted at *«.jng 
drously beautiful and trunsjwmit ice converted into su 
water. But the water of the glacier streams is «■< 
beautiful as the ice, though its hmiity is for tlmmomrmt 
and invisible. We must search for those waters after 
pawed through n lake in which they have deposited 
thml stone. The Ukm of draw,, of Thun, «f U 
Constanoe, the Xngo Maggiore, the Ink* id • , 
di (Jarda are i-.b ih I [ with olaeW . d ... 
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Pine-built houses bears the Atlas 
On bis giant shoulder** O'er bis 
Head a thousand pennons ruatlty 
Floating far upon the breeseff 
Tokens of his majesty. 

And so he&reth he his brothers, 
And his treasures, and his children) 
To their primal lire expectant, 

All his Bosom throbbing, heaving 
With a wild tumultuous joy. 










ICE AND GLACIERS. 


131 


ADDITIONS. 

Tub theory of the regelation of ice has led to scientific discussions 
between Faraday and Tyndall on the one hand, and James and Sir W. 
Thomson on the other. In the text I have adopted the theory of the 
latter, and must now accordingly defend it; 

Faiaday a experiments show that a very slight pressure, not more 
than that produced by the capillarity of the layer of water between 
two pieces of ice, is sufficient to freeze them, together. James Thom¬ 
son observed that in Faraday’s experimentsepressure which could 
freeze them together was not utterly wanting. I have satisfied my¬ 
self by my own experiments that only very slight pressure is necessary. 
It must, however, be remembered that the smaller the pressure the 
longer will be the time required to freeze the two pieces, and that then the 
junction will be very narrow and very fragile. Both these points are 
readily explicable on Thomson’s theory. For under a feeble pressure 
the difference in temperature between ice and water will be very 
small, and the latent heat will only be slowly abstracted from the 
layers of water in contact with the pressed parts of the ice, so that a 
long time is necessary before they freeze. We must further take into 
account that we cannot in general consider that the two surfaces are 
quite in contact; under a feeble pressure which does not appreciably 
alter their shape, they will only touch in what are practically three 
points. A feeble total pressure on the pieces of ice concentrated on 
such narrow surfaces will always produce a tolerably great local 
pressure under the influence of which some ice will meit, and the 
water thus formed will freeze. But the bridge which joins them will 
never be otherwise than narrow. 

Under stronger pressure, which may more completely alter the 
shape of the pieces of ice, and fit them against each other, and which 
will melt mor% of the surfaces that are first in contact, there will 
be a greater difference between the temperature of the ice and water, 
and the bridges will be more rapidly formed, and be of greater 
extent. * * • 






1G2 ice A'sty Qucmm* 

In order to show the slow action of thaemaUdiflerencenof tempera* 
tore which horn com© into play, I mack the following experititrniU, 

A glass flask with a drawn-out nmk wan half filled with water, 
which was hulled until all the air in the finale was driven out, Tins 
neck of the flask was then hermetically sealed. When routed, t\m 
flask was void of air, and the water within it freed from the procure 
of the atmosphere. As the water thus prepared can he cooled en«H 


of which was + T €\, until the half of it was liquefied. 

The flask thus half filled with water, having a dSen of Ice 
swimming upon it, wa* placed In a ralxtare of if© and water, being 
quite surrounded by the mixture. After an hour, the disc within 
the flask was frozen to the* glass. By shaking the flunk tit Mm wm 
liberated, but it froze wigaiii. This occurred m often ita the shaking 
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To test this hypothesis, 1 placed in a cylindrical vessel, between* 
two dines of ice of throe inches in diameter, a smaller cylindrical pier# 
of an inch in diameter. On the uppermost discs I placed n wuuden 
disc, and this I loaded with a weight of twenty pound*. The motion 
of the narrow piece was thus exposed to a preasurw of mom than an 
atmosphere. The whole vessel was pitched between pieces of ice, and 
left for live days in a room the temperature of which wm a few 
degrees above the freexiflg-point. Under these circumstancvit the ice 
in the vessel, which was exposed to the pressure of the weight, should 
melt, and it might be expected that the narrow cylinder cm which 
the pressure wits most powerful should have been most melted* 
Borne water was indeed formed la the vessel, hut mostly at the ex¬ 
pense of the larger discs at this top and bottom* which being nearest 
the outside mixture of ice and water could acquire beat through 
the sides of the vessel* A small welt, too, of be, w m formed round 
the surface of contact of the narrower with the lower hnmi pum 9 
which showed that th| water, which had 1 mm formed in coat** 
quence of the pressure, hail agjin frozen in ptmm In which Hit 
pressure ceased. Yet under these circumstances there wm m m»- 


This experiment shows that although change# In the shape of the 
pieces of ica must take place in the course of mm in mmtimm with 
J. Thomson's explanation, by which the more strongly mmptmmd 
parts melt, and new be is formed at the place# which "am fmmi fmm 
pressure, these changes must be extremely slow when the tkbkmm 
of the pieces of ice through wbbh the beat is conducted k at all mm* 
aiderable. Any marked change in shape by melting in 4 medium tlm 
temperature of which is everywhere 0®, could nut occur w ith mit 
access of external heat, or from thm ninmmpmmd §m and wasart 
and with the small distances in temperature which 1mm emm km 
play, and from the badly |gm-er of ir*> ii i lt i f ? * 

tremely slow. 

That on the other hand, tspedaliy in granular tet, tlm formation 
of cracks, and the of tha surfaces of time oracle*, tmdm 
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ICE AND GLACIERS* 


latter do not produce the comparatively firm coherence of the apparent 
heap of granules. 

The properties of ice here described are interesting from a physical 
point of view, for they enable m to follow m closely lli« tnmmhn 
from a crystalline body to a granular mm\ and they give the causes 
of the alteration of its properties kilter than in any tit tier waU-ksoim 
example. Most natural substances show no regular cryataltixw struc¬ 
ture; our theoretical ideas refer almost exclusively to cry^aJHM 
and perfectly elastic bodies. It is precisely in this ndtat fonship that 
the transition from fragile and elastic oiysurilisi* ke into plastic 
granular ice is so very instructive* 














A ntv conquest of vmy general intanwtah** hem wholly om4i 
* by natural philosophy. In tlw^bUowinf pagm I will mtdmmmr 
to give an idea of the nature of this comptert, It ha# reference 
to a new endjpatvanal natural law, which rtttaa the eetton 
of natural feme in their moteel nbOkm town# @aeh other, 
and is aa influential on our theomtie view# of Miami fH wm m i 
as it b important in their tadbeteal applkwUesM. 

Among tin* practical arm which own thefaf pragma to tic* 
development of the natural from i* rnmittukm of tin* 

* a 4 * ...... .. . ; 1.-., at:. ... 




matiml adorns* which hear* tht «mo warn, wamwmof the meet 
prominent Tito character of the art eras, Hi the time w fc t wi 
to, naturally very different from Id present one, Surprised and 
stimulated 'by its own nsocMW, It thought no problem beyond It* 
power, and immediately attacked some of the meet difficult and 
complicated. Thus it was attempted to build automaton Agora* 
which should perform tie* functions of men and animals. The 
marvel of the last century was Vanoanson’s duck, which M 
and digested it* food; the fltttoplayer of the same artist* which 
moved all its fingers correctly j the writing-boy of the elder, and 
the pianoforte-player of the younger, Dtm; which latter, when * 
performing, followed its hands with tte eye% and at ^|it» cos- 
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elusion of the piece bowed courteously to the audience. That 
men like those mentioned, whose talent might beer mm\mrwm 
•with the most inventive heads of the present age, should sjiernl 
so much time in the construction of these figure*, which we 
gt present regard ns the merest trifles, would he incompre¬ 
hensible if they had not hoped in solemn carat*! to solve it 
great problem. The writing-boy of the elder Drat wan publicly 
exhibited in Germany some years ago. Its wheel work Is so 
complicated that no ordinary head would be sufficient to «!©• 
cipher its manner of action. When, however, we mm informed 
that this boy and its constructor, being suspected of the black 
art, lay for a time in the Spanish Inquisition, and with difflj. 
culty obtained their freedom, we nmy inf* r that in those ilnys 
even such a toy appeared great enough to excite doubts m to its 
natural origin. And though these artists may not harts hoped 
to breathe into the credture of their ingenuity a soul gifted with 
moral completeness, still there #ere many who would be willing 
to dispense with the moral qualities of their servants, if at the 


which should combine the regularity of a machine with the 
durability of brass and steel 

The object, therefore, which the inventive genius of the 


which a later time knew how to take mlv#£ Wi 


From these effort* to Imitate living mmkmm. mmMmt 
also by a miHumleratendltig, mmm to tmm §mS®mi ttmAi 


to construct a motion. Vmht this ter 
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much about them* Bewildered mtelleeis, however, proclaimed 
often enough that they had discovered the grand secret; stud m 
the incorrectness of their proceedings wm always* speedily mani¬ 
fest, the matter fell into bad repute, and the opinion strength" 


dominion of mathematical mid finally a point vm 

reached where it could lie proved that at leant by the um of 
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mechanical ideas, in order to bring you to a point of view from 
which, a more rewarding prospect will open. And though the 
example which I will here choose, namely, that of a water-mill 
with iron hammer, appears to he tolerably romantic, still, alas! 

I must leave the dark forest valley, the foaming brook,, the 
spark-emitting anvil, and the black Cyclops wholly out of sight, 
and beg a moment’s attention for the less poetic side of the 
question, namely, the machinery. This is driven by a water¬ 
wheel, which in its turn is set in motion by the falling water. 
The axle of the water-wheel has at certain places small projec¬ 
tions, thumbs, which, during the rotation, lift the heavy hammer 
and permit it to fall again. The falling hammer belabours the 
ynaas of metal which is introduced beneath it. The work 
therefore done by the machine consists, in this case, in the lift¬ 
in'* of the hammer, to do which the gravity of the latter must 
• be° overcome. The expenditure of fore# will, in the first place, 
other circumstances being equal, be proportional to the weight 
of the hammer; it will, for example, be double when the weight 
of the hammef is doubled. But the action of the hammer 
depends not upon its weight alone, but also upon the. height 
from which it falls. If it falls through two feet, it will produce 
a treater effect than if it falls through only one foot. It is, 
however, clear that if the machine, with a certain expenditure 
of force, lifts the hammer a foot in height, the same amount of 
force must be expended to raise it a second foot in height. The 
work is therefore not only doubled when the weight of the 
hammer is increased twofold, but also when the space through 
which it falls is doubled. From this it is easy to see that the 
work must be measured by the product of the weight into the 
space through which it ascends. And in this way, indeed, we 
measure in mechanics. The unit of work is a foot-pound, that 
is a pound weight raised to the height of one foot. ^ 

• While the work in this case consists in the raising of the 
heavy hammer-head, the driving force which sets the latter in 
motion is generated by falling water. It is not necessary that 
the water should fall vertically, it can also flow in a moderately 
inclined bed; but it must always, where it has water-jmlls to 
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set in motion, move from a higher to a lower petition. Ex¬ 
periment and theory concur in teaching that when n immtiter 
of a hundredweight is to toe rained one foot* to aeootnpikh this 
at least a hundredweight of water must fait through the space 
of on© foot; or, what is equivalent to this* two hundredweight 
must fall half a foot, or four hundredweight a quarter of a foot, 
die* In short, if we multiply the weight of the falling water 
hy the height through which it falls, md regard* m before, tlm 
product as the measure of the work, then tlio work performed 
by the machine in raking the hammer can, in the most favour* 
able case, be only equal to the number of foot-pound* of wafer 
which have fallen in the same time. In practice, indeed, this 
ratio is by no means attained: a great portion of the work of 
the falling water escapes unused, inasmuch ns part of the fore® 
is willingly sacrificed for the sake of obtaining greater speed. 

I will further remark that Jjhis relation remains unchanged * 
whether the hammer is driven immediately by the axle of the 
wheel, or whether—by the intervention of wheelwork* endless 
screws, pulleys, ropes—the motion is tmnsfenw#to the hammer* 
We may, indeed, hy such arrangements wieeeed in raking a* 
hammer of ten hundred weight, when by the first simple armng^* 
meat the elevation of a hammer of one hundredweight might 
alone lm possible; tout either this heavier hammer m naked to 
only one tenth of the height, m tenfold the time m required to 
raise it to the mtm height; so that, however wtt may alter, by 
the interposition of machinery, the intensity of tint acting (mm f 
still in a certain time, during which the mitUWmm fwmhhm 
%m with a definite quantity of water, m certain definite quantity 
of work, and m more, can to# perforated* 

Our mudiittery, therefore, hm m the first phrndmm artftdng 
mom than make ties of the gmvity of the htltfof water In order 
to oiwpowtr the gravity of the hmmm, end U mim the latter, 
Whm it hue lifted ilia hammer to the mmmty (might, It again 
liberates it, and the ImmmmUk upon thn motel tunes which in 
pmhml bens»fch it* But why 4mm tlm foiling hammer bent mat- 
dm t greater force than whm ilk permitted simply to ptws wltli 
its own* weight on tlm mm of metal I Why is its power (tester 











motion m dial 
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second, if we, for example, permitted the hammer in full upon 
a highly elastic steel beam strong enough to resist the slioek. 
The hammer would rebound, and In the most favourable case 
would reach a height equal to that from which it fell, hut wmdd 
never rise higher. In this way its mim would a#wnd ; ami at 
the moment when its highest point him bmn attained it would 


fell, never a greater number; that is to say, living furmmtt 
generate the same amount of work us that expended in its pro* 
duction. It is therefore equivalent to this quantity of work. 

Our clocks are driven by means of sinking weights, and mt 
watches by means of the tension of springs* A weight which 
lies on the ground, an elastic spring which is without tension* 
can produce no effects: to obtain such w© must first raise the 
weight or impart tension to the spring, which is accomplished 
when we wind up ow/blocks and watches. The man who winds, 
the clock or watch oommtuiieatxu to the weight or to the .spring 
a certain amount of power, and exactly m mush m is thus mm* 
municated is gradually given out again duslng the following 
twenty-four hours, the original foies being thus slowly mmmmml 
to overcome the friction of the wheels awl the wslstetie# which 
the pendulum encounters from the air. The wheelwori of the 
clock therefore develops no working fore© which was not prs» 
viously communicated to if, hut simply di tributes the for* 
given to it uniformly over a longer time. 


into the barrel, the ball is driven out of the 


but we shall wmm find tin 
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effort to expand, sets the machine in motion. Here also wo do 
not condense the steam by mean* of au external mechanical 
force, but by communicating heat to a maw of water in a clewed 
boiler, wo change this water into steam, which, in consequence 
of the limits of the 8j>ace, is developed under strong pressure. 
In this oiuso, therefore, it is the heat communicated which gene* 
lutes the mechanical force. The heat thus necessary for the 
machine wo might obtain in many ways: the ordinary method 
is to procure it from the combustion of coal. 

Combustion is a chemical process. A particular constituent 
of our atmosphere, oxygen, possesses a strong force of attraction, 
or, as is said in chemistry, a strong affinity for the constituents 
of the combustible body, which affinity, however, in most case* 
can only exert itself at high temperatures. As soon as a portion 
of the combustible fcody, for example the coal, is sufficiently 
heated, the carton unite* itself with great violence to ths 
oxygen of the atmosphere and forms a peculiar gas, carbonic 
acid, the same that we see foaming from to r and champagne. 
By this combination light and heat am generated; heat is 
generally developed by any combination of two bodies of strong 
affinity for each other; and when the heat is intense enough, 
light appears. Hence In the steam-engine it m chemical pro¬ 
cesses and chemical forces which produce the astonishing work 
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Now could not the heat generated by the plates he applied to a 
small steam-engine, which in its turn should be able to keep 
the rubbing plates in motion! Tim perpetual motion would 
thus bo at length found. This question might be asked, and 
could not bo decided by the older mathmnnUco- met'lut t>iei! 
investigations. I will remark beforehand* that the general 
law which i will lay before you answer* the question in the 
negative. 

By a similar plan, however, a speculative American set 
some time ago the industrial world of Europe In excitement. 
The* magneto-electric machines often made use of In the mm of 


mg a swift rotation to the magnet of such a machine we obtain 
powerful currents of electric! ty« If those be conducted through 
water, the latter will be resolved inte # Ite two mmptmmu, 
Sxygea and hydrogen* By the combustion of hydrogen, water 
is again generated# If this combustion tehee plane, not in 


con 



ini 
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the imw*n obtain* ■ 









Jt Is not necessary to multiply examples further. \ mt will 
infer from those given in what unniflduit® connection iicat, 
electricity, magnetism, light, and chemical affinity, stand with 
mechanical forces. 

Starting from each of these different manifestations of 
natural forces, we can sat every other in motion, for t he most 
part not in one way merely, but in many way*. It is here as 
a-ith the weaver’s weh— 

Where a step stirs a thousand threads, 

The shuttles shoot from aide to side, 

The fibres flow unseen, 

And one shock strikes a thousand combinations. 

Now it is clear that if by any means wo could succeed, m 
the above American professed to have done, by mechanical 
forces, in exciting c^emical m eiectriovl, or other natural pr% 
cesses, which, hy any circuit whatever, and without altering 
permanently the active masses in the machine, could produce 
mechanical force in greater quantity than tbfitat first applied, 
a portion of the work thus gained might be made use of to 
keep the machine in motion, while the rest of the work might 
be applied to any other purpose whatever. The problem was 
to find, in the complicated net of reciprocal action*, a track 
through chemical, electrical, mngnetfeal, and thermic processes, 
back to mechanical actions, which might lie followed with a 
final gain of mechanical work: thus would the perpetual motion 
be found. 

But, warned by the futility of former experiments, the public 
had become wiser. On the whole, people did not seek much 
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might be easily and completely stated. It was found that all 
known relations of forces harmonise with the consequences of 
that assumption, and a series of unknown relations w.ere dis¬ 
covered at the same time, the correctness of which, remained to 
be proved. If a single one of them could be proved false, then 
a perpetual motion would be possible. 

The first who endeavoured to travel this way was a French¬ 
man named Carnot, in the year 1824. In spife of a too limited 
conception of his subject, and an incorrect view as to the nature 
of heat which led him to some erroneous conclusions, his ex¬ 
periment was not quite unsuccessful. He discovered a law which 
now bears his name, and to which I will return 

His labours remained for a long time without notice, and it 
was not till eighteen years afterwards, that is in 1842, that 
different investigators in different countries, and independent of 
Carnot, laid hold of the same thought. ♦ The first who saw 
truly the general law here referred to, and expressed it correctly, 
was a German physician, J. It. Mayer of Heilbronn, in the year 
1842. A little Jater, in 1843, a Dane named Colding pre¬ 
sented a memoir to the Academy of Copenhagen, in which the 
same law found utterance, and some experiments were described 
for its farther corroboration. In England, Joule began about 
the same time to make experiments having reference to the same 
subject. We often find, in the case of questions to the solution 
of which the development of science points, that several heads, 
quite independent of each other, generate exactly the same series 
of reflections. 

I myself, without being acquainted with either Mayer or 
Colding, and having first made the acquaintance of Joule’s 
experiments at the end of my investigation, followed the same 
path. I endeavoured to ascertain all the relations between the 
different natural processes, which followed from our regarding 
them from the above point of view. My inquiry was made 
public in 1847, in a small pamphlet bearing the title, ‘ On the 
Conservation*of Force.’ 1 

1 There is a translation of this important Essay in the Scientific Memoirs* 
New Series, p. 114.—J. T. 



subject host gradually augmented, particularly in England, of 
which I had an opportunity of convincing myself during a visit 
last summer. A great number of the essential consequences of 
the aliove manner of viewing the nuhject, the proof of which 


of Joule; and during the Inst year the most eminent physicist 


question, and by fresh investigntions on the specific beat <-fg,-u,'«i 


sequences the experimental proof is still wanting, hat tint number 


from wlrnt has been stated. In the series of natarttl proems** 
there is no circuit to be found, by which mechanical force can 
lie gained without a oorresponding consumption. The per- 


processos, only in its relation to its usefulness to man, as me- 
dianical force. Yon now sea that we have arrived at a general 
law, which holds good wholly independent of the application 
which man makes of natural fore**; we must therefore make the 
expression of our law correspond to this more general signifi¬ 
cance. It is in tho first pirns' clear, that the work which, l«y 
any natural process whatever, is performed under favourable con- 


all- Further, the important question arisen, If the quantity of 
force cannot bo augmented except by corresponding con*ttm)» 
tion, can it be diminished or lost % For the purposes of our 
machines it certainly can, if wo neglect the opportunity to 
convert natural processes to use, bat m investigation * has 
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been able to gain only the smallest portion of thin work, the 
greater part m lost in the shape of heat, Tint tent expansive 
engines give back as mechanical work only IS |*?r omit, of tins 
heat generated by the fuel. 

From a similar investigation of all the other known physical 
and chemical processes, we arrive at the oonolusioti that Nature 


either increased or diminished, and that therefore the quantity 


quantity of matter. Expressed in this form, 1 have named the 


We cannot create mechanical force, but w# may help our* 
selvas from the general storehouse of Nature, The brook and 
the wind, which drive our nulls, the forest and the coal-bed, 
■which supply our steam-engines and warm our rooms, are to m 
the bearers of a small portion of the great natural supply which 
we draw upon for our purpose, and the actions of which we 
can apply as w© think fit. The- poMSser of a mill claims the 


Nature are what give his property its chief value. 

Further, from the fact that no portion of force can be abac 
lately lost, it docs not follow that a portion may not be ire 
applicable to human purposes. In this respect the Mmrnmm 
drawn by William Thomson from the law of Carnot are of ini- 


ehanieal force, which, however, by m mmm Wottj 


longer contradicted the alsive general law, ssjmssss a eertain 
rektion between the compressibility, the capacity for heat, and 
the expansion by best of all bodies. It is not yet completely 






















of it* jifiyulm! ill fbrw will Ihmlly 

















from that time forward would he condemned to a state of 
eternal rest. 

These consequences of the law of Carnot are, of course, only 
valid provided that the law, when sufficiently touted, proves to 
Ite universally correct. In the meantime there is little pru*>|iort 
of the law bang proved incorrect. At all event*, we must 
admire the sagacity of Thomson, who, in the letters of a long- 
known little mathematical formula which only speak* of the 
heat, volume, and pressure of iwdies, was aide to discern con- 


been deduced from the physical processes of terrestrial bodl 
applicable also to the heavenly bodies, let me remind you 
the same force which, acting at the earth's surface, we 
gravity (S’ehmrn), acts as gravitation in the celcaOa! *pare« 




























Mbit distinct traces of matter dispersed like powder 


porated in them* The latter undoubtedly happens with tte 


If wo calculate the density of the mass of mtr planetary 
system, according to the above assntxiptitan, for the time whim 
it was a nebulous sphere, which reached to the path of the 
outermost planet, we should find that it would require several 


The general attractive force of all matter must, however, 


according to mechanical laws, a motion of rotation originally 
slow, and the existence of which must \m assumed, would 


force, which must act most mmgffMmMf m ths rieighfonrbood 
of the equator of the nebulous sphere, mmm could from time 
to time be torn away, which afterwards would eontiatie their 
courses separate from the main m$m t forming themselves lute 


heat and light this theory originally gave no in&mmiim. 

When the nebulous chaos first separated itself from ether 
fixed star masses it must not only have contained all Muds of 


force which at a future time ought to unfold therein its weatl 
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cmvity, art* to the heavenly ** A * ^“1 

Lvity when it drew. * weight «kre»**fda work «j 

Lmut «**•««,<»*w t»* y»^y h«t*a * h *" 

Oay dn.w two portions of matter fre* distal* "Wh** * n^ m 
toward* ctefa other, 

Tb* chomtoU forcre m«»t l«v* town ate. preaent. read f to 
art; bat a* them fbmm mn only mw tore ofmmtion l.y lire 
mmt intimate contact of tire different reman*, aoo.lww.tloo 
imi*t have taken plane Wore Ore pl*y of eWoiml torre* »«**«. 

Whether » toll further *upf»ly of ton* to «h* eb*|« "< tort 
wm preaent at the eomrowwreweot we do not know. At *11 
event*, by add of the lew of the «*i«ireWn» of keel and work. 
xttf Jinsl in the sreehankal fore** existing el the tiw *« *hi«§» 
wo refer took * rich tonn* of bint sod light* that there i* no 
neeeenty whatever to toko rdfege to the idea of a etore «f the** 

. force* originally iwlton* Wh*, thresh son drew to tow .if the 
mmm, their parttotoe earns tore satltokm md ma§ *»» fWi 
Other, the «# mm of their reotton would he «•««% «i*»tbllate4, 
and mart tmgpm m toot Already to «M itomrWs Utoto* 
ealciifoted that mmm mm * §mmto tout* hf their rel- 

listen, bat It we* for frets* anybody’* thoug h to make even * 
gnoM rt the imooet of Irert to Irt **»«*tdl to tW* w*y. At 
merent we em glee definite imreerteal ml*** with eertniatjr 
Lat m make Od* addition to cut e**wiftti«-HflW» «t the 
otwamemmmA, the dondty of the wttottotw matter «M * ***»• 
isbing quantity m compared with the fMMBt dren% of therein 
and planet*: «n rent thru r;b » .• art wwk Urn lew* 

performed by the oondenaadoo | we can farther redeatote how 
much of thi* work toll estate to the form of mrehankal tow#, 
a* attraction «f the pinnate toward* tire mm, and a* Wi dm of 
their motion, and find by this how much of the fore# ha* town 
converted into boat. 

» Tim result of this ralpulntian' I*, that only about the tfitU* 
part of the original mechanioal free# remain* a* mreh, and that 
the MndaSn. converted into berth woald be mSeMt to rate* 
a tsaa* of water wj«al to the ms awl photo taken teethe*, 
* fire net* m pagi If*, * 
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not'less than twenty-eight millions of degrees of the Centigrade 
scale. For the sake of comparison, 1 will mention that the 
highest temperature which we can produce hy the oxyhydrogen 
blowpipe, which is sufficient to fuse and vaporise even platinum, 
and which hut few bodies can endure without melting, is esti¬ 
mated at about 2,000 degrees. Of the action of a temperature 


obstacle to the speedy union of the masses; that the greater 
part of the htat must have been diffused by radiation into 


have liecn in a state ofnery fluglity. Tlii* notion is corroborated 
by the geological phenomena of our planet; and with regard 


of a former state of fluidity. If I thus permit an immense 
quantity of heat to disappear without oompmsatton from our 
system, the principle of the conservation of force is not thereby 
invaded. Certainly for our planet it is lost, but not for the 
universe. It has proceeded outwards, and daily proceed* out- 


wln'ch transmits the undulation* of light mi hast 


pursue their way through infinitude, 


by a sudden shock 
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would, therefore, be quite fused, and for the most part converted 
into vapour. If, then, the earth, after having been thus brought 
to rest, should fall into the sun—which, of course, would be the 
case —the quantity of heat developed by the shock would be 400 
times greater. 

Even now from time to time such a process is repeated on a 
small scale. There can hardly be a doubt that meteors, fireballs, 
and meteoric stones are masses which belong to the universe, 
and before coming into the domain of our earth, moved like the 
planets round the sun. Only when they enter our atmosphere 
do they become visible and fall sometimes to the earth. In 
order to explain the emission of light by these bodies, and the 
fact that for some time after their descent they are very hot, 
the friction was long ago thought of which they experience in 
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however, nil that m hypothetical k the assumption of Kant nod 


stand with the earlier legends of the human family., anil the 
forebodings of poetic fancy* Hie cosmogony of indent nations 


The haughty Light* which now dispute* the spare, 


xnamcmt and waters Wow the firmament, ressttUsd the chaotie 


Ami just m in nebulous sphere, just Worn# hmimm, an t 
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Oar earth bears still the'unmistakable traces of its old fiery 
fluid condition. The granite formations of her mountains exhibit 
a structure, which can only be produced by the crystallisation of 
fused masses. Investigation still shows that the temperature in 
mines and borings increases as we descend; and if this increase # 
is uniform, at the depth of fifty miles a heat exists sufficient to 
fuse all our minerals. Even now our volcanoes project from 
time to time mighty masses of fused rocks from their interior, 
as a testimony of the heat which exists there. But the cooled 
crust of the earth has already become so thick, that, as may be 
shown by calculations of its conductive power, the heat coming 
to the surface from within, in comparison with that reaching the 
earth from the sun, is exceedingly small, and increases the tem¬ 
perature of the surface only, about ^th of a degree Centigrade; 
so that the remnant of the old store of force which is enclosed 
as heat within the bowels of the^arth has a sensible influence 
upon the processes at the earth's surface only through the instru¬ 
mentality of volcanic phenomena. Those processes owe their, 
power almost wlftdly to the action of other heavenly bodies, 
particularly to the light and heat of the sun, and partly also, in 
the case of the tides, to the attraction of the sun and moon. 

Most varied and numerous are the changes which we owe to 
the light and heat of the sun. The sun heats our atmosphere 
irregularly, the warm rarefied air ascends, while fresh cool air 
flows from the sides to supply its place: in this way winds are 
generated. This action is most powerful at the equator, the 
warm air of which incessantly flows in the upper regions of the 
atmosphere towards the poles ; while just as persistently at the 
earth's surface, the trade-wind carries new and cool air to the 
equator. Without the heat of the sun, all winds must of neces¬ 
sity cease. Similar currents are produced by the same cause in 
the waters of the sea. Their power may be inferred from the 
influence which in some cases they exert upon climate. By 
them the warm water of the Antilles is carried to the British 
Isles, and confers upon them a mild uniform warmth, and rich 
moisture; while, through similar causes, the floating ice of the 
Forth Pole is earned to the coast of Newfoundland and procjjices 
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men and animals appeared as dockwoi 
tip, and created the force which the; 
They did not know fiow to establish 


tion and being 
combustion, and 


flic. As the quantify of heat generated by combustion 
pendent of the duration of the combustion ami the 
which it occurs, we can calculate from the bums of 


eulty of the experiments is still very great; but within those 
limits of accuracy which have b«m as yet attainable, the ex¬ 


chemical processes. The animal body therefore does not differ 
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the force gamed is to ha made u«e oC The tody is, besides, 
more limited than the machine in the choice of iie fuel; the 
latter could ba heated with sugar, with stereh-flour, ami butter, 
just as well as with coal or wood; the animal body most dissolve 
its materials artificially, and distribute thorn through Its system j 
ife must, further, perpetually renew the used-up materials of its 
organs, and as it cannot itself create the matter nmmmry for this, 
the matter must come from without, Liebig was the find, to 
point out these various uses of the consumed nutriment As 


certain definite albuminous auhtitaxiees which itpfimr in plants, 
arid form the chief muss of the animal body, mu alone lie timid. 
They form only a portion of the mass of nutriment token daily; 
the remainder, sugar, starch, fat. are really only materials for 
warming, and are perhaps not to be superseded by coal, simply 
the latter does* not permit itself to%* dissolved. 

If, then, the processes in the animal Itody are not in this 
respect to be distinguished from iiK'irgiink pmmmm 9 the qnestlosi" 


of man are not in a condition to extract the small quantity 
of the useful from the great excess of the insoluble, w© inbuilt, 
in the first place, tin so substoaoes to the powerful digestion of 
the? ox, permit the nourish men t to store Itself in the animals 
}nuly f in order in the end to gain It for ourselves in a more 
agieesMe and useful form. In answer to our question, there* 
fh?@, we are referred to the vegetable world. Now when what 











take the cowramed carbon given off in respi¬ 


ration, m 


an«l from these materials, with the omittance of amah 


agnin derive their nutriment The latter in an eternal source of 
chemical, the former of mechanical forcm. Would not tha 


oil, or renin. These chemically active r»y» 


leaves of plant* appear uniformly hlacfe. Tnaamneh 
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luted in plants; and we am assume it m very probable, that the 
former m the causa of the latter* I mmt indeed ‘remark, that 
we are in possession of no experiment* from which we might 
determine whether the via viva of the surfs mys which have 
disappeared corresponds to the chemical forces accumulated 


these, the mirth mpMmmm mi action of soother kind (mm iU 


exhibits IteHf in the remarkable phenomenon of the ebb and 
ilow of the tide* 

Eu-h of those bodies excites, by Its attraction up m the 
waters of the sea, two gigantic waves, which flow in the same 
direction round the world, m the attracting bodies themselves 
apparently do. The two waves of the moon, on account of her 
greater nearness, are about 31 times as large m those excited 


of the tide, while the teghm winch lie between have tlu^ebh* 


wanting, wa cannot regard the stated relation as a certainty. 
If this view should prove correct, we derive from it the flatter¬ 
ing result, that all force, by means of which our bodies live and 
mow, finds its source in the purest sunlight; and hence wn 
are all, in {>oixit of nobility, not behind the race of the great 
monarch of China, who heretofore alone called himself Hon of 
the Sun, But it must also bo conceded that our lower follow- 

1 

beings, the frog and leech, share the mine ethereal origin, as 
a bo the whole vegetable world, and mm the fuel which oosite* 


to m from the agw* past, as well as the ^youngest offspring of 
the foiest with which we heat our stoves and set our machines 


in motion* 
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Although in the open sea the height of the tide amounts to 
only about throe feet, and only in oertem narrow flmmuds, 
where the moving water in squeezed together, rimm to thirty 
feet, the might of the phenomenon k nevertheless manifest 
from the calculation of Bessel, according to which a quarter of 
the earth covered by the mm poeaaeses, during the flow of the 
tide, about 22,000 cubic miles of water mote than during the 
ebb, and that therefore such a mn.m of water must, in <!| hours, 
flow from one quarter of the earth to the other. 

Tho phenomenon of the abb and flow, m already recognised 
by Mayor, combined with the law of the conservation of force, 
stands in remarkable connexions with the question of tho stability 
of our planetary system* The mechanical theory of the plane¬ 
tary motions discovered by Newton teaches, that if a solid body 
in absolute vacuo, attracted by the sun, move around him in 
the game manner aif the planets, this motion will endure tuy 
changed through all eternity. 

Now wo have actually not only one, hot several such planets, 
which move around the mm, and by their mutual attmotloti 
create little changes and disturbances in each other's path* 
Nevertheless Laplace, in his great work, the * Mtetniipie 
has proved that in our planetary system all these distmriba aoes 
increase and diminish periodically,and can never mtmnl retain 
limits, no that by this ratiso the eternal existence of the plane¬ 
tary system is unendangered. 

But 1 have already named two assumptions which must bo 
made: first, that the celestial *poo**s must I m ftWdufely ei?*piy ; 
and secondly, that the atm and planets must 1st sold hdh*n» 
The first is at least the case m far m astronomical etoareat Sons 
reach, for they have never bsen able to detect any xotafdfttkm 
of the planets, such m would occur If tiny moved In m resisting 
medium* But on a body of less mnm 9 the remit of Bucks, 
changes are observed of such a nature s this gotnet dmetfam 
ellipses round tho sun which mm becoming gradually smaller* 
If this kind of motion, which certainly aorra^onds to that 
through a resisting medium, bo actually due to the existence of 
such a medium, a tim© will come when the comet will strike 
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kxlif'H, in the time of their fiery fluid! condition, were stub, 
joctixl. 

I would not have brought forward there conclusions, which 
again plunge us in the most distant future, if they wore not 
unavoidable. Physico-raeohaaiiid htwa are, m it were, tho 
telescopes of our spiritual eye, which cau penetrate into the 
deepest uight of time, past and to anno. 

Another essential question us regards tin* future of our 
planetary system has reference to its fixture temperature and 
illumination. As tho internal heat of the earth has but little 
influence on tho temperature of the surface, the heit of the suu 
is tho only thing whiter essentially affects tho question. Tho 
quantity of heat fid ling from the sun during a given time upon 
a given portion of the earth’s surface may lie measured, and 
from this it can be calculated how much beat in a given time is 
sent out from the eqtire sun. Such meararementa have been 
made by the French physictet Pouillet, and it lias been found* 
that the sun given out a quantity of heat per hour equal to that 
which a layer of the densest coal 10 feet thicjf would five out 
by its combustion; and hence in a year a quantity equal to the 
combustion of a layer of 17 miles. If this h*»fc were drawn 
uniformly from the entire moss of the sun, it* temperature 
would only bo diminished thereby 1| of a degree Centigrade 
per year, assuming its capacity for heat to bo equal to that of 















by vary uncertain mUmutkmB* If, however, w« adopt tho very 
probable view, that the remarkably atnall (tenuity of m large m 



hm to which, in noma peculiarly hot years, tint Prttftiian pmpo 
mimrwhnt l«?mi than it* usual quantity of add. Tim 
fiurt alao nfMiikit not much forth# climate of it m country m 
for tho ihnmtn of the German drinkers. 

But a von though tho faro© store of our planetary ayaiata fa 
^immensely grout, that by tho uiceswint etniaaion which ha* 
oocmirad during this period of human history it haa not bem 
mmmbty dtfldpishml, mm though tho length of the lima which 
iniist flow by before a wwihle rlmtigo in the atata of our piano* 
biry system. maim m totally incapable of still the 


m 
















which can only suffer low and not gain, must te finnllyoxhauntid. 
Shall we terrify ourselves by this thought! Men are in the 
habit of measuring the greatness and the wisdom of tin* universe 
hy the duration and the profit which it promises to their own 


upon it constitute*, A Nineveh vessel, a Roman sword, awake 
in us the conception of grey antiquity. What the museums of 
Europe show us of tho remains of Egypt and Assyria wo gnm 


the duration of human history at 6,000 years; but ironies* itr- 


North America groves of tropical {mints flourished; whom 
gigantic lizards, and after them elephants, whose mighty remain* 
wo still find buried in the earth, found a home! Different 
geologists, proceeding from different promise*, have roughl to 
estimate the duration of the above-named creative period, and 
vary from a million to nine million years. The time daring 
which tho earth generated organic belnga is again small when 


denned into our planetary system, our most 
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NOTE TO PAGE 137. 


I must here oxplain the calculation of tlio beat which must 
ho produced by the assumed condensation of the Ixxliea «,f lt ur 


in J. R. Mayer’s papers, jairtly in Joule'* communications, and 
partly by aid of the known fact* and method of science: they 
are easily performed. 

The measure of thowork performed by the condensation of 
the mass from a state of infinitely small density is the potential 
of the condensed mass upon itself. For a sphere of uniform 
density of the mass M, mid the radius R, th% potential upon 
itself Y—if we call the mas* of the earth m, its radius r, and 
the intensity of gravity at it* surface g —ha* the value 

V - 3 „ 

v 8 TKT 9 ‘ 

T^t m regard the bodies of our system as such splim*. then 
the total work of condensation is equal to Um sum of all their 
potentials on themselves. As, however, these potentials for 

different spheres are to each other ns dm quantity M!> they all 
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given 


t m 2*01lOOflP Cent 


The mans «f the tan k 73* time* greater fh*« tlwt «f all 
th» pUneti token together; if, therefor^ we dm\m to make the 
* water mnm equal to that of the *»tire uprtem, w« matt multiply 

the value of « hv the fraction JJJ, whlah nrekrakanliyaretiaibta 

altemtiofe in thf rwnlt. 

When a *ph«rioal mm< of the iuAiu» E ooodeneee mere ««il 
more to the fading K lf the elevation of temperature thereby 
prwlwd Is 

S rm ( I I l 

“s-jnslnrCr 

or 

n rm j , 

m S* AKpttir I 1 %\* 

Buppomng, thm, tlio nmm of Iht ptnnrtnry nynlom In b* nt 
ilift (umiinoncameni, nnt a upturn of infinite nut in*, hut limit#**!, 
my of t!i« iwlim of ill#'’ p ith of Krpttivt*, which in nix thounuml 
grmtor timn tlw rmflinn of Urn unit, Urn mugoUmh 

^ will tb«4 ho «*|» # .al to \ » a tut thn above v at tut «tf t wotthl 

Jrj^ niH|0 

Imvo co h# diminUltorl W thm itictcmjiddwmHItt innotNit. 

teitii til® mmm formula w«? nut ilcrtluc* llmt a diminution of 




10000 of tine radius of the sun would generate work in a water 

mass equal to the sun, equivalent to 2,861 ihgvmm Centigrade. 
And an, according to Pouillet, a quantity of heat corraspotidtng to 
1| degree is lo«st annually in such a mass, the eoudenastiou 
referred to would, cover the loss for 2,2811 years. 

If the sun, as mmm probable, be not everywhere of the 


the potential of its mtm and the eurtiwpomltng quantity of heat 
will be still greater. 

Of the now remaining mechanical form**, the vm wim of the 
rotation of the heavenly "bodies round their own umm is, in 


neglected. The vk viva of the motion of revolution round the 
sun, if /i be the "mass of a planet, and p its distance from the 
sun, is # 


Omitting the quantity g-j as very small, mmp&md with 
dividing by the above value of T, w© obtain 


The mnm of all the planets together Is ™ of the suss* of 
the sun; hence the value of L for the entire system is 
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the results of -which are involved in those aetn of apprehension 
by the senses which at first sight appear to be most simple 
and immediate. These concealed functions have been but little 
discussed, because we are m accustomed to regard the appre¬ 
hension of any external object as a complete and direct winde, 
which does not admit of analysis. 

It is scarcely necessary for me to remind my present renders 
of the fundamental importance of this field of inquiry to almost 
every other department of science. For apprehension by the 
senses supplies after nil, directly or indirectly, the material of all 
human knowledge, or at least the stimulus neoessaiy to develofift 
every intern faculty of the mind. It supplies the basis for the 
whole action of man upon the outer world; and if thus stage of 
mental processes is admitted to h© the simplest and lowest of its 
kind, it is none the less important and interesting. For there 
is little hope that her who docs not begin at the beginning nf # 
knowledge will ever arrive nfita end. 

It is by this path that the art of experiment, which 1ms 
become so important in natural science, found fntrnnwi Into the 
hitherto inaccessibla field of mental proce sse s . A t first this will 
bo only so far m we are aide by experiment to determine the 
particular sensible impressions which call up one or another 
conception in our consciousness. But from this first step will 
follow numerous deductions as to the nature of the mental pro* 
cesses which contribute to the result I will thensllme»ii®svour 
to give some account of the results of physiological Inqulr im m 
far as they bear on the questions above mmMmmA* 

1 am the mom desirous of doing so bemuse I bm% lately 
completed 1 a complete survey of the field of phjriokyfasl opttes, 
and am happy to have an opportunity of patting together In a 
compendious form the views and deductions on the prostitute 
ject which might escape notice among the numerous details of % 
book devoted to the special objects of natural sdtanee. I mpy***** 
state that in that work I took great pains to convince myself of 
ilia truth of every fact of the slightest importenm by personal 

* Prr»f. ItelmhohK'S MmSmk Ftyptipfegfimi typtim wm pMhAtd m 
Isips%itties7. v 
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observation and experiment. There b n«» longer much centres 
veiny on the more important (Wu ««f obemlion, the chtef 
difference of opinion being a* to ih** extant of certain Individual 
differences of apprebwuuoo by the mmm. I>aring the !*»t few 
vgars & great number of diitiaguuW ttn*l«r 

the influence of the rapid program at ophthalmic mwlinne. 
worked at the physiology of viaion; end in proportion •» the num¬ 
ber of observed fart* hM incroued, they have ab» bmm» mm* 
capable of edentiflo armngmiwmt end explanation I nml *»--*. 
remind those of toy reader* who mm conversant with the .«•». 
j.-ct how much labour must lie expended towttahlbh many fart* 
which upp.-ar t-iimptrativriy " ; ■ "■ • 

To render what blhntt underetoml in all it* bearing*, I shall 

dnt llwhh tl." / /ly.i- . • • 9» Alt ..] f, tl 

instrument; next th<* * * I *<, « «... I 

conduction in th- pm'•• >u ■ . ■ ■ 1 >■ 

it; and )j t .y, i „■ ' • ; -■ • • 1 c ‘ 

mental appreheBgfpM tun prodmwl fey the chaope which take 
phtou in the optic nerve. 

The first pert of our tetuuy, wWA attnaol t« ptMtai «v«r 
becaaxe it k the foundation «f whttl IbUewa, will »« tn greet 
path u repetition of what » already grewt ally ta* *», in «*h» to 
bring in what in n.uv in | i -j. i p.*<<•, 1;.< ;* ». ; 

part of the subject which excite* interest, m the real 

starting jioint of that wmaritalde p c cfra m which ophtfcalmte 
Hied irinn 1ms made during Hr 1 > • • „ j. 

which fur its rapidity end rims e *« e t - j- . ... 

parallel in the history of the healing fill. 

Every lover of hi* kind mtoA regotew la thee* xdilewMi* 
which ward off or remove «o much nbny that formerly are 
wont powerless to help, but a nan of aetenoe ha* pmmUmrmmsm 
Th*k»k on them with pride. For this wonderful advance tea 
not l»*ii achmvi-d by groping and lucky finding, hot fey deduction 
rigidly follow*! out, and thua eaniM with ft the pledge of Mill 
future mtwmm, A* mm aatronomy was the pattern front 
which the otlaf eekmees kwrtwd hour the right method will hod 

i. K • 
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to mmtm $ so does ophthalmic medicine now display how much 
may he accomplished in the treatment of disease by ex totaled 
application of well-understood methods of invest igntioii and 
accurate insight into the causal connection of phenomena* If in 
no wonder that the right sort of men were drawn to an arena 
which offered a prospect of new and noble victories over the 
opposing powers of nature to the true scientific spirit—the 
spirit of patient and cheerful work. It wsa bemuse liter© were 
so many of them that the success was so brilliant. List me tm 
permitted to name out of the whole number a iwpraMMitative of 
each of the three nations of common origin which lutve con¬ 
tributed most to the result: Von Qravfe in Germany, Donden 
in Holland, and Bowman in England, 

There Is another point of view fr*pt which this advance in 
ophthalmology may be regarded, and that with equal eatkfkc* 


Of all our members the eye has always been held the «dkcdeest 
gift of Nature—the most marvellous product of her pbstli 
force. Poets and orators have celebratod Ha imbm philoso¬ 
phers have extolled it as a crowning instance of pwfcfkiti In 
an organism; and opticians have tried to Imitate it as an. an* 
surpassed model. And indeed the most enthusiastic admiimtfca 
of this wonderful organ is only natural, when we consider wSrsT* m 
functions it performs; when we dwell on its penetrating power, 
on the swiftness of succession of its brilliant pt^twes, and cm $he 

i Frmtt 8 chilkr f « $pr$kh§* Ut§mllf 9 . * i*t set him whs salts the fev» 4# 
ft g$M#s§ expect te find Is hit t Im wumuC 
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J hes which it spreads before our sense. It is by the eye alone 
we know the countless shining worlds that fill immeasur- 
space, the distant landscapes of our own earth, with all the 
Pieties of sunlight that reveal them, the wealth of form and 
lour among flowers, the strong and happy life that moves in 
itnals. Next to the loss of life itself that of eyesight is the 
^viest. 

But even more important than the delight in beauty and ad- 
Nation of majesty in the creation which we owe to the eye, is the 
‘Urity and exactness with which we can judge by sight of the 
dtion, distance, and size of the objects which surround us. For 
ls knowledge is the necessary foundation for all our actions, from 
reading a needle through a tangled skein of silk to leaping from 
^ to cliff when life itself depends on the right measurement 
the distance. In fact, the success of the movements and ac~ 
ns dependent on the accuracy of 4the pictures that the eye gives 
forms a continual test and confirmation of that accuracy. If 
ht were to deceive us as to the position and distance of external 
acts, we shoulS at once become aware of the delusion on 
erupting to grasp or to approach them. This daily verification 
our other senses of the impressions we receive by sight 
►duces so firm aconviction of its absolute and complete truth 
t the exceptions taken hy philosophy or physiology, however 
11 grounded they may seem, have no power to shake it. 

NTo wonder then that, according to a wide-spread conviction, 

5 eye is looked on as an optical instrument so perfect that 
le formed by human hands can ever be compared with it, 
l that its exact and complicated construction should be 
arded as the full explanation of the accuracy and variety 
fcs functions. 

Actual examination of the performances of the eye as an 
ical instrument carried on chiefly during the last ten years 
•brought about a remarkable change in these views, just as in 
uany other^cases the test of facts has disabused our minds 
similar fancies. But as again in similar cases reasonable 
drat ion rather increases than diminishes when really impor- 
t functions are more clearly understood and their object 
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totter estimated, so it may well be with onr more exact know¬ 
ledge of the ©ye. For the great performances of this little 
organ. am never be denied ; and while w© might consider o»r- 
#<>lv(!H compelled to withdraw our admiration from onu i*»mt of 
view, we must again experience it from another, 

Regarded as an optical instrument, the eye is a camera 
obecura. This apparatus is well known in the form used hy 
photographers (Fig. 27). A box oonetrneted of two p»rt». «f 
which one sUdw in the other, and blackened, has in front .. 
combination of lenses fixed in the tube h i on the inside, which 
refract the incident rays of light, and unite them at the back 








of the instrument into an optical image of the objects which He in 
front of the camera. When the photographer first arranges hi* 
instrument, he receives the image upon a plate of ground gkw.y. 
It is there seen as a small and elaborate picture in its natural 
colours, more clear and beautiful than the most skilful painter 
could imitate, though indeed it is upside down. The 
step is to substitute for this glass a prepared plate upon which the 
light exerts a permanent chemical effect, stronger on the more 
brightly illuminated parts, weaker on those which are darker. 
Those chemical changes having mm taken place are permanent; 
by their means the image is fixed upon the {date. 
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The natural camera obscura of the eye (seen in a diagram¬ 
matic section in Fig. 28) has its blackened chamber globular in¬ 
stead of cubical, and made not of wood, but of a thick, strong, 
white substance known as the sclerotic coat . It is this which 
is partly seen between the eyelids as 4 the white of the eye.* 
This globular chamber is lined with a delicate coat of winding 
blood-vessels covered inside by black pigment. But the apple 
of the eye is not empty like the camera: it is filled with a 
transparent jelly as clear as water. The lens of the camera 


Fig. 28 . 



obscura is represented, first, by a convex transparent window 
like a pane of horn (the cornea), which is fixed in front of the 
sclerotic like a watch glass in front of its metal case. This 
union and its own firm texture make its position and its curva¬ 
ture constant. But the glass lenses of the photographer are 
not fixed; they are moveable by means of a sliding tube which 
can be adjusted by a screw (Fig. 27, r), so as to bring the objects 
in front of the camera into focus. The nearer they are, the 
farther the lens is pushed forward ; the farther off, the more it 
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is screwed in. The eye has the same task of bringing at one 
time near, at another distant, objects to a focus at the back of 
its dark chamber. So that some power of adjustment or ‘ ac¬ 
commodation ’ is necessary. This is accomplished by the move¬ 
ments of the crystalline lens (Fig. 28, L), which is placed a 
short distance behind the cornea. It is covered by a curtain of 
varying colour, the iris (J), which is perforated in the centre by 
a round hole, the pupil, the edges of which are in contact with 
the front of the lens. Through this opening we see through 
the transparent and, of course, invisible lens the black chamber 
within. The crystalline lens is circular, bi-con vex, and elastic. 
It is attached at its edge to the inside of the eye by means of a 
circular band of folded membrane which surrounds it like a 
plaited ruff, and is called the ciliary body or Zonule of Zinn 
(Fig. 28, * *). The tension of this ring (and so of the lens 
itself) is regulated by % series of muscular fibres known as the 
ciliary muscle (Cc). When thfs muscle contracts, the tension of * 
the lens is diminished, and its surfaces—but chiefly the front 
one—become by its physical property of elasticity more convex 
than when the eye is at rest; its refractive power is thus in¬ 
creased, and the images of near objects are brought to a focus 
on the back of the dark chamber of the eye. 

Accordingly the healthy eye when at rest sees distant objects 
distinctly : by the contraction of the ciliary muscle it is ‘ ac¬ 
commodated’ for those which are near. The mechanism by 
which this is accomplished, as above shortly explained, was 
one of the greatest riddles of the physiology of the eye since the 
time of Kepler; and the knowledge of its mode of action is of 
the greatest practical importance from the frequency of defects 
in the power of accommodation. USTo problem in optics has given 
rise to so many contradictory theories as this. The key to its 
solution was found when the French surgeon Sanson first observed 
very faint reflections of light through the pupil from the two 
surfaces of the crystalline lens, and thus acquired the character 
of an unusually careful observer. For this phenomenon was 
anything but obvious; it can only be seen by strong side illumi¬ 
nation, in darkness otherwise complete, only when the observer 
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takes a certain position, and then all lie sees is a faint misty re¬ 
flection. But this faint reflection was destined to become a 
shining light in a dark corner of science. It was in fact the 
first appearance observed in the living eye which came directly 
from the lens. Sanson immediately applied his discovery to 
ascertain whether the lens was in its place in cases of impaired 
vision. Max Langenbeck made the next step by observing that 
the reflections from the lens alter during accommodation. These 
alterations were employed by Cramer of Utrecht, and also inde¬ 
pendently by the present writer, to arrive at an exact knowledge 
of all the changes which the lens undergoes during the process 
of accommodation. I succeeded in applying to the moveable eye 
in a modified form the principle of the heliometer, an instrument 
by which astronomers are able so accurately to measure small 
distances between stars in spite of their constant apparent 
motion in the heavens, that they can thus sound the depths of 
the region of the fixed stars. An instrument constructed for 
the purpose, the ophthalmometer , enables us to measure in the 
living eye the curvature of the cornea, and of the two surfaces 
of the lens, the distance of these from each other, <fec., with 
greater precision than could before be done even after death. 

By this means we can ascertain the entire range of the changes 
of the optical apparatus of the eye so far as it affects accom¬ 
modation. 

The physiological problem was therefore solved. Oculists, 
and especially Donders, next investigated the individual defects 
of accommodation which give rise to the conditions known as 
long sight and short sight. It was necessary to devise trust¬ 
worthy methods in order to ascertain the precise limits of the 
power of accommodation even with inexperienced and unin¬ 
structed patients. It became apparent that very different con¬ 
ditions had been confounded as short sight and long sight, and 
this confusion had made the choice of suitable glasses uncertain. 

It was also discovered that some of the most obstinate and 
obscure affections of the sight, formerly reputed to be ‘ nervous/ • 

simply depended on certain defects of accommodation, and 
could be readily removed by using suitable glasses. Moreover, 

t , 
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Danders 1 proved that the same defects of aecommmlatfcm are 
the most frequent cause of squinting, and Von Grade* had 
already shown that neglected arid progressive shortaightedm ^ h 
tends to produce the most dangerous expansion and duforudly of 
the hack of the globe of the eye. 

Thus connections were discovered, where least expected, 
between the optical discovery and important diseases, and the 
result was no less benefeial to the patient than interesting to 
the physiologist. 


We must now speak of the curtain which reedves the 
■ optical image when brought to a focus in the nye. This is Mi# 
retina, a thin membranous expansion ©f the optic nerve which 
forms the innermost of the coats of the eye. The optic nerve 
(Fig. 2, 0) Is a cylindrical cord which ttmtoins m multitude of 
minute fibres protocol by a strong tendinous sheath. Tbs 
nerve enters the apple of flic eye from behind, rather to the 
inner (nasal) side of the middle of its pOMtoirfor Itemfophctv, 
Its fibres then spread out in all directiou*#over the front of 
the retina. They end by tiecoming connected, first, with 
ganglion cdk and nuclei , like those found In the brain; and, 
secondly, with structures not elsewhere found, called rmh and 
cones # The rods are slender cylinders; the cones, or bulb*, 
somewhat thicker, fiask-sha|ied structures, AH are ranged per* 
pendieular to the surface of the retina, closely packed together, 
so as to form a regular mimic layer behind it Bach tod k 
connected with one of the minutest nerve fibres, mmh mm with 
om somewhat thicker. This layer of rods and bulbs (*ta» 
known as mmnhrnm JamU) hm been proved Ity direct expri* 
meats to he the really sensitive layer of the retina* the stroetaiw 
in wnich alone the action ©f light m capable of producing & 
nervous excitation. 

There m m Hm miim a remarkable spot which b ptiapdl. 
nmv its centre, a little to tot outer (temporal) side, and which 

1 Fmfessor of to tit IMvsnfty #f Stncht. # 

* thk gnat (pMuqpi #*4 is Barite u tbs mdf *gt #f tony* 

tm 
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reduced to thorn dements alone which are absolutely rnwuiary 
for exact vision. Fig. 20, from Henle, shows a thin transverse 
section of this central depression made cm a retina which had 
been hardened in alcohol. Lk (Lamina hyatina % memlraina 
limitam) is an elastic membrane which divides ilia retina from 
the vitreous. The bulbs (seen at h) are here smaller than else¬ 
where, measuring only the 400th part of a millimetre in dia¬ 
meter, and form, a close and regular mosaic* The other, more 
or less opaque, elements of the retina are Men hi be wanting, 
except the corpuscles (g) f which belong to the cones. At / nr© 


This consists of a layer of fibres of the optic nerve (») in front, 
and two layers of nerve colls (gli and gh) % known m the internal 
and external ganglion layers, with a stratum of tine granule* 
(gri) between them. All these park of the return are absent at 


vision, since it is the spot where the most exact discrimination 
of distances is made. The cones am hem packed mcmt cloudy 


me property ; if wo 
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it, and hold a sheet of white paper at the proper distance behind 
it, we may notice two effects. In the first place (and this is 
often disregarded) the burning lens, although made of trans- 
parent glass, throws a shadow like any opaque body; and next 
.we see in the middle of this shadow a spot of dazzling brilliance, 
the image of the sun. The rays which, if the lens had not 
been there, would have illuminated the whole space occupied by 
the shadow, are concentrated by the refracting power of the 
burning glass upon the bright spot in the middle, and so both 
light and heat are more intense there than where the unrefracted 
solar rays fall. If, instead of the disc of the sun, we choose a 
star or any other point as the source of light, its light will be 
united into a point at the focus of the lens, and the image of 
the star will appear as such upon the white paper. If there is 
another fixed star near the one first chosen, its light will be 
collected at a second illuminated point on^bhe paper; and if the 
star happen to send out red rays^its image on the paper will 
also appear red. The same will be true of any number of 
neighbouring stajp, the image of each corresponding to it in 
brilliance, colour, and relative position. And if, instead of a 
multitude of separate luminous points, we have a continuous 
series of them in a bright line or surface, a similar line or sur¬ 
face will be produced upon the paper. But here also, if the 
piece of paper be put to the proper distance, all the light that 
proceeds from any one point will be brought to a focus at a 
point which corresponds to it in strength and colour of illumi¬ 
nation, and (as a corollary) no point of the paper receives light 
from more than a single point of the object. 

If now we replace our sheet of white paper by a prepared 
photographic plate, each point of its surface will be altered by 
the light which is concentrated on it. This light is all derived 
from the corresponding point in the object, and answers to it in 
intensity. Hence the changes which take place on the plate 
will correspond in amount to the chemical intensity of the rays 
which fall up<*n it. • 

This is exactly what takes place in the eye. Instead of the 
burning glass we have the cornea and crystalline lens; and 

• 

• • • 

• * 




optically accurate imago in thrown Ufwin the retina, each of iu 
cones will \m reached by exactly so much light m proceeds from 
the corresponding point in the field of vision ; anti also the 
nerve fibre which arises from each oom will ho excited only by 
the light proceeding from the corresponding point in the field, 
while other nerve fibres will l>o excited by the light proceeding 
from other points* of the field. Fig* 30 illustrate* this effisot. 
The rays which come from the point A in tho objoct of vision 
are so broken that they all unite at a on the retina* while those 
from B unite at k Thus it results that the light of each sofmrst* 
bright point of the field of vision excites a Mspnmto Impmmon ; 


retina to bn exact mm m miy mdl mAm, mmmty, that of th# 
yellow spot* Tit diameter of tlm mitral pit mmmffmM m 
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the field of vision to an angular magnitude which can he covered 
by the nail of one’s forefinger when the hand is stretched out as 
far as possible. In this small part of the field our power of vision 
is so accurate that it can distinguish the distance between two 
points, of only one minute angular magnitude, i.e. a distance 
equal to the sixtieth part of the diameter of the finger-nail. 
This distance corresponds to the width of one of the cones of 
the retina. All the other parts of the retinal image are seen 
imperfectly, and the more so the nearer to the limit of the 
retina they fall. So that the image which we receive by the 
eye is like a picture, minutely and elaborately finished in the 
centre, but only roughly sketched in at the borders. But 
although at each instant we only see a very small part of the 
field of vision accurately, we see this in combination with what 
surrounds it, and enough of this outer and larger part of the 
geld, to notice any striking object, and particularly any change' 
that takes place in it. All of this xs unattainable in a telescope. 

But if the objects are too small, we cannot discern them at 
all with the greater part of the retina. 

When, lost in boundless blue on high, 

The lark pours forth his thrilling song, 1 

the ‘ ethereal'minstrel ’ is lost until we can bring her image to a 
focus upon the central pit of our retina. Then only are we able 
to see her. 

To look at anything means to place the eye in such a position 
that the image of the object falls on the small region of per¬ 
fectly clear vision. This we may call direct vision, applying 
the term indirect to that exercised with the lateral parts of the 
retina—indeed with all except the yellow spot. 

The defects which result from the inexactness of vision and 
the smaller number of cones in the greater part of the retina 
are compensated by the rapidity with which we can turn the 
eye to one point after another of the field of vision, and it is 

l The lines in tlie well-known passage of Faust :— 

Wenn fiber uns im blauen Raum verloren 
Ilir sclimettcrnd Lied die Lerche singt. 
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thin rapidity of movement which really constitute* the chief 
advantage of the eye over other optical instrument*. 

Indeed the peculiar way in which we are accustomed to give 
our attention to external objects, by turning it only to mm 
thing at a time, and as soon m this has been taken in hastening 
to another, enables the sense of vision to accomplish m much 
m is necessary; and so we have practically the mint advantage 
as if we enjoyed an accurate view of the whole field of vision 
at once. It is not in fact until wo begin hi examine our mm* 
Rations closely that we become aware of the imjMirfeeUcm« of 
indirect vision. Whatever we want to see we look at, and see 
it accurately ; what wa do not look at, we do not an n rule cate 
for at the moment, and so do not notion how imperfectly wo 
me it. 

Indeed, it is only after long practice that we are able to turn 
our attention to an object in the field of indirect vision (m h 

alien*) without look.* 


at it, and so bringing it into direct view* And it w just us 
difficult to fix the eye on an object for the number of mmmih 
required to produce the phenomenon of an after^iMaga 1 To 


A great part of the importance of the eye m an organ of 
expreurion depend* on the same fact; for the movement* of the 
eyeball—its glances—are among the moct direct sign* of the 


the jjereon who is looking at tie. 


focus; and thus near m 
cession into accurate view 
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another that most people, who have not thought how they see, 
do not know that there is any change at all. 

Let us now examine the optical properties of the eye further. 
We will pass over the individual defects of accommodation 
which have been already mentioned as the cause of short and 
long sight. These defects appear to be partly the result of our 
artificial way of life, partly of the changes of old age. Elderly 
persons lose their power of accommodation, and their range of 
clear vision becomes confined within more or less narrow limits. 
To exceed these they must resort to the aid of glasses. 

But there is another quality which we expect of optical 
ins truments, namely, that they shall be free from dispersion— 
that they be achromatic. Dispersion of light depends on the 
fact that the coloured rays which united make up the white 
light of the sun are not refracted in exactly the same degree by 
any transparent substance known. '•Hence the size and position 
of the optical images thrown by these differently coloured rays 
axe not quite the#ame: they do not perfectly overlap each other 
in the field of vision, and thus the white surface of the image 
appears fringed with a violet or orange, according as the red or 
blue rays are broader. This of course takes off so far from the 
sharpness of the outline. 

Many of my readers know what a curious part the inquiry 
into the chromatic dispersion of the eye has played in the 
invention of achromatic telescopes. It is a celebrated instance 
of bow a right conclusion may sometimes be drawn from two 
false premises. Hewton thought he had discovered a relation 
between the refractive and dispersive powers of various trans¬ 
parent materials, from which it followed that no achromatic 
refraction was possible. Euler, 1 on the other hand, concluded 
that, since the eye is achromatic, the relation discovered by 
How ton could not be correct. Seasoning from this assumption, 
he constructed theoretical rules for making achromatic instru¬ 
ments, and Dolland 2 carried them out. But Dolland himself 

1 Leonard Euler born at Basel, 1707 ; died at St. Petersburg, 1783. 

* John Dolland, E.R.S., born 1706; died in London, 1761 . 
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observed that the eye could not be achromatic, because its 
construction did not answer to Euler’s rules; and at last 
Fraunhofer * actually measured the degree of chromatic aberra¬ 
tion of the eye. An eye constructed to bring red light from 
infinite distance to a focus on the retina can only do the same 
with violet rays from a distance of two feet. With ordinary 
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rays which wo see around stars and other distant lights are 
images of the radiated structure of oar lens; and the univer 
sality of this optical defect is proved by any figure with div.-rg- 
ing rays being called ‘ star-shaped.’ It is from the same cause 
that the moon, while her crescent is still narrow, appears to 
many persons double or threefold. 

Now, it is not too much to say that if an optician wanted to 
sell moan instrument which had nil dies®defects, 1 should think 
myself quite justified in blaming hi* cwdeasnees in the strongest 
terms, and giving him hack his instrument, i H oourse, 1 shall nut 
do this with my eyes, and sludl l»e only too glad to keep them as 

longaa I oan—defects and all. Btill, 
m ' " the fact that, however bed they may 

he, l «*n get no others, does not at 
all diminish their defect*, so long 
/ , m I maintain the narrow but in. 
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la fact, although the crystalline lens looks so "beautifully 
clear when taken out of the eye of an animal just killed, it is 
far from optically uniform in structure. It is possible to see 
tlae shadows and dark spots within the eye (the so-called 4 en- 
toptic objects’) by looking at an extensive bright surface—the 
clear sky, for instance—through a very narrow opening. And 
tliese shadows are chiefly due to the fibres and spots in the lens. 

There are also a number of minute fibres, corpuscles and 
folds of membrane, which float in the vitreous humour, and are 
seen when they come close in front of the retina, even under 
the ordinary conditions of vision. They are then called muscce 
volitantes, because when the observer tries to look 1 at them, 
they naturally move with the movement of the eye. They seem 
continually to flit away from the point of vision, and thus look 
like flying insects. These objects are present in every one’s eyes, 
and usually float in the highest part of tl» globe of the eye, out 
of the field of vision, whence on affy sudden movement of the 
eye they are dislodged and swim freely in the vitreous humour. 
Xkey may occasionally pass in front of the central pit, and so 
impair sight. It is a remarkable proof of the way in which we 
observe, or fail to observe, the impressions made on our senses, 
•that these muscce volitcmtes often appear something quite new 
and disquieting to persons whose sight is beginning to suffer 
from any cause; although, of course, there must have been the 
same conditions long before. 

A knowledge of the way in which the eye is developed in man 
and other vertebrates explains these irregularities in the struc¬ 
ture of the lens and the vitreous body. Both are produced by 

■becoming for a time faintly luminous as long as they receive violet and blue 
light. The bluish tint of a solution of quinine, and the green colour of 
•uranium glass, depend on this property. The fluorescence of the cornea and 
crystalline lens appears to depend upon the presence in their tissue of a very 
small quantity of a substance like quinine. For the physiologist this property 
is nnost valuable, for by its aid he can see the lens in a living eye by throw¬ 
ing on it a concentrated beam of blue light, and thus ascertain that it is placed 
close behind the ftris, not separated by a large * posterior chamber/ as was long 
supposed. But for steiug, the fluorescence of the cornea and lens is simply 
disadvantageous. 

1 Tide svpra, p. 189. 
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tissue which underlies the stem is ueveiopeo mw wn u«™™ 
humour. The mark whom the neck of the fossa was sealed is 
still to Iss recognised as one of the * entoptio image#' of many 
adult eyes. 

The last defect of the human eye which must lie noticed Is 
y 32 the existence of certain in- 

m/h. equalities of the surface 

# which recoiv«« the optical 

image. Not far from the, 
centre of the field of vision 
there is a break in the 
retina, #here the optic 
nerve enters, lien* there 
is nothing but nerve fibres 
and blood-vessels; and, n« 
the cones are absent, any 
rays of light which fall on 
the optic nerve itself are 
unporoulvud. This * blind 
spot’ will therefore pro- 
T dure » eorrrepeadlag gap 

in the field of vision, where nothing will fee visible, Wig. 82 
shows the posterior half of the globe of a right eye which has 
been cut across. II is the retina with he branching Wood-veweb*. 
The pdnt from which three diverge la that at which the optic 
nerve enters. To the leader's left toereti the 'yellow *j>ot * * 
Now the gup caused by die presence of the optic nerve U no 
slight one. It is about 0* in horiaoetal and I* in vortical 
dimension. Ite inner border la fcbout 12* horinoritally distant 
fioni the ‘temporal* or eatertud >dc of the centre of distinct 
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vision. The way to recognise this blind spot most readily is 
doubtless known to many of my readers. Take a sheet of white 
paper and mark on it a little cross; then to the right of this, on 
the same level, and about three inches off, draw a round black 
spot half an inch in diameter. jNow, holding the paper at arm’s 
length, shut the left eye, fix the right upon the cross, and bring 
the paper gradually nearer. When it is about eleven inches 
from the eye, the black spot will suddenly disappear, and will 
again come into sight as the paper is moved nearer. 

This blind spot is so large that it might prevent our seeing 
eleven full moons if placed side by side, or a man’s face at a 
distance of only six or seven feet. Mariotte, 1 who discovered 
the phenomenon, amused Charles II. and his courtiers by 
showing them how they might see each other with their heads 
cut off. 

There are, in addition, a number of ^nailer gaps in the field 
of vision, in which a small bright point, a fixed star for example, 
may be lost. These are caused by the blood-vessels of the retina. 
The vessels run «. the front layers, and so cast their shadow on 
the part of the sensitive mosaic which lies behind them. The 
larger ones shut off the light from reaching the rods and cones 
altogether, the more slender at least limit its amount. 

These splits in the picture presented by the eye may be re¬ 
cognised by making a hole in a card with a fine needle, and 
looking through it at the sky, moving the card a little from side 
to side all the time. A still better experiment is to throw sun¬ 
light through a small lens upon the white of the eye at the 
outer angle (temporal canthus), while the globe is turned as 
much as possible inwards. The shadow of the blood-vessels is 
then thrown across on to the inner wall of the retina, and we 
see them as gigantic branching lines, like fig. 32 magnified. 
These vessels lie in the front layer of the retina itself, and, of 
course, their shadow can only be seen when it falls on the 
proper sensitive layer. So that this phenomenon furnishes a 
proof that the hindmost layer is that which is sensitive to light. 
And by its help it has become possible actually to measure the 
1 Edme. Mariotte, born in Burgundy, died at Paris, 1684, 

I 
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distance between the sensitive and the vascular layers of the 
retina. It is done m follows 

If the focus of tin! light thrown m to the white of the eye 
(the sclerotic) is moved slightly backwards and forwards, the 
shadow of the bkxxbwasela and its image in the field of vision 
will, of course, move also. The extent of these movements mm 
be easily measured, and from these data Heinrich M Hilar, of 
WUrzburg—whose too early loss to achmoewe still deplore—de¬ 
termined the distance between the two foci, and found it exactly 
to equal the thickness which actually separates the layer df rods 
and cones from the vascular layer of the retina* 

The condition of the point of olearest vision (the yellow 
spot) is disadvantageous in another way* It is km sensitive to 
weak light than the other ports of the retina. It has been Icing 
known that many star* of inferior magnitude—- tor example, ilia 
Coma Ikrmkm and «fche Pleiades-* are seen mors brightly if 
looked at somewhat obliquely than whim their fays fall fall 
upon the eye. This mix km proved to defend partly on the 
yellow colour of the macula, which weaken# bin# more than 
other rays. It may also be partly the result of the absence of 
t&mk at this yellow spot which has been nbiiofsl above, which 
interferes with its free oomtnunicttUoQ with the Uto giving 
blood. 


■ All these imperfections would he ImwMmmm In 

an artificial camera ohsonra and in the pho^raphto pktorc it 
produced. But they arc mi m in the iiye-—«o little, indeed, that 
it mm very difficult to discover flone of them, The mmm of 
their not interfering with mt pormplim of extern*] ohj«rts is 
not simply that we have two qgm, md m mm tnakra up tor the 
defects of the other. For mm when w« do rad n*• terth, mi in 
the mm of permit blind rtf one eye, the m\mmlm w*i iw'm- 
from the told of virion U tjmtpnn tk* which the isr*. 

gularlty of the retina woeW etfaerwk* wsnsskm* The chief 
mmm. is that wo nw continually moving the eye, hud also that 
the im\imrketUm ala**! lAwayi nffi h time# pm to of the fold to 
which we are not at the mmmmi diractfag ottr attention. 











THE EVE a* an OrnOAI. INSTRUMENT. 

But after all it remain* a wonderful parodox, tlmfc we w* 
^ glow’to obMm these and other pemiUimtiM of vision (*»•«•»* 
m the sftor-imagoa of bright objects), ao long a* they are not 
Htrong enough to prevent our seeing e*bmal objects. I t is a 
fart which we constantly me *t, not only m optics, but »n study¬ 
ing the perception* produced by other reuses on the conscious¬ 
ness. The difficulty with which wo perceive the defect «! the 
blind spot m well shown by the history of it* discovery. It* 
existence was first demonstrated by theoretical argument*. 
While the long controversy whether the perception of light «*• 
sided in the retina or the choroid was still undivided, Mai-iotte 
asked himself what perception there was where the choroid is 
deficient. He made experiment* to uncertain this point, snd m 
the course of them discovered the blind spot. Millions of mm 
had used their eyes for ages, thousands had thought over the 
nature snd cause of their functions, and, after all, it was only 
*by a remarkable combination oTIirmuMdanoae that a simple 
phenomenon was noticed which would apparently havwrevmh 4 
itself to the slightest ohmwsmltoo. Bven now,anyone who mm 
for the first time to repeat the experiment which demonstrate* 
the existence of the Mind spot, find* it difllmdt **» divert h» 
attention from the fix'd point of Mm»r vWott, without 
sight of it in th« attempt. I tided, it h -My by long pma.re »» 
optical experiment* that oven an i-xprimml obwrvi r is able, as 
anon as he shuts on* eye.torre-gtiias the Msnk *p*eo ta tho h«!»l 
of vision which corresponds to the Mind spot. 

Other phenomena of this kind have only been discovered by 
accident, and usually by p rsons who c - u -1 ware peculiarly 
acute, and whose power of observation was untUHtally stiiutt- 
luted. Among thoui may he mentioned OooUia, Pnrkinje,* and 
Johannes Muller.* When a subsequent olwerver trim* to rejs-at 
on his own eyes these experiments a* he finds them described, 
it is of conrse easier for him than for the discoverer; but even 
i A dMHusnUiwf wntsyo)«glrt,ft*r«i*Bf y»» pw*#«w»t Bwshmi bsdtel 


•tPrtgiM, 18 M,at 8 & _ j, . , 

* A smst fctofsgM, la its tall mdm sf th* teas* Its was fs*hs*sv *4 
-i<4osry st Min. #nd disd 1818, st ftl. Ills Afiwsaf "/ /Ipsligj ess 
if sags ted into English hy the Isle l*». Italy.—-"fit. 
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now there are many of the phenomena by Pnrkmjo 

which have never been seen by anyone else, although If cannot 
be certainly belt! that they depended on individual peculiarities 
of this acute observer** eye®. 

The phenomena of which we have sjjoken* and a number 
of others also, may la) explained by the general rnh that 
it is much easier to recognise any change in the condition of 
a nerve than a constant and equable impression cm it. In 
accordance with this rule, all peculiarities in the excitation of 
separate nerve fibres, which are equally present daring the 
whole of life (such ns the shadow of the blood-veseet* of the 
the yellow colour of the central pit of the retina, and most of 
the fixed entoptic images), are never noticed at all ; and if we 
want to observe them, we must employ nnasissl modes of illu¬ 
mination and, particularly, constant change of its direction. 

According to our pcermt knowledp of the oonditi cuts of, 
nervous excitation, it seems Sc me to be very unlikely that we 
have here to do with a simple property of sensation; it musty I 
think, he rather explained m a phenomenon Mongfog to our 
power of attention, and I now only refer to the question In 
passing, since its full discussion will wm» aftorwarfi *m its 
proper connection. 


So much for the physical properties of the eye. If I mm 
asked why I have spent so mmh ti mm in nx|»kltti»g its imp#!** 
faction to my readme, I answer, ai I said at first* that i have 
not done so in order to depredate the of this 

wonderful ccfan or to diminish mr adminrilm of !tmf«w»tw#* 
t iom It wm my ohj&ti to make the reader wAr^md, at tl m 
first stop of our htqtthry, that it is not angrmvlianiisd letftrikm 
of the organs of mit w«im*ri«ich mmm for im mmh wonderfully 
tree and exact irnpri«iw of the mtor w <»rId, The wm% mmtim 
of this inquiry will intteduea tmuh bolder and i«ni» paradoxical 
con k Ions than any I ham yet afeM. We have now 
that the eye in itself m not tj Mgr swms x*» romptele an optical 
instraneat ae It at lirsiapfaim i im^tinmrdinmy value defiends 
upon the way in which we m§ to t $u» pcdtetioii Is practical, not 
























tily possible when we direct our attention to one part after 
nothor of the Held of vision in the manner partly deecrilird 


ation, will afterwards come 


field of vision, and to bring together again ell theee that hnv 


effect upon a single fibre of the optic nerve. 

Lot iis aee, therefore, how much we know of the Henna*ion* 
pf the eye, and how far this will bring tin towards the solution 

of the problem. * m 

II. The Sensation or Stour. 

# 

In the first auction of our snl»j«ct we have followed the more* 
of the rays of light aa far a* the retina, and seen what is the 
result produced by the pecolier arrangement of the optical 
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an epoch in science, was able to lay down the most important 
principles of the theory of the impressions derived from the 
senses. These principles have not only been confirmed in all 
important points by subsequent investigation, but have proved 
of even more extensive application than this eminent physio¬ 
logist could have suspected. 

The conclusions which he arrived at are generally compre¬ 
hended under the name of the theory of the Specific Action of 
the Senses. They are no longer so novel that they can be 
reckoned among the latest advances of the theory of vision, 
which form the subject of the present essay. Moreover, they 
have been frequently expounded in a popular form by others as 
well as by myself. 1 But that part of the theory of vision with 
which we are now occupied is little more than a further develop¬ 
ment of the theory of the specific action of the senses. I must, 
^therefore, beg my reader to forgive meff, in order to give him 
a comprehensive view of the whole subject in its proper connec¬ 
tion, I bring before him much which he already knows, while I 
also introduce tfie more recent additions to our knowledge in 
their appropriate places. 

Al l that we apprehend of the external world is brought to 
our consciousness by means of certain changes which are pro¬ 
duced in our organs of sense by external impressions, and 
transmitted to the brain by the nerves. It is in the brain that 
these impressions first become conscious sensations, and are 
combined so as to produce our conceptions of surrounding ob¬ 
jects. If the nerves which convey these impressions to the 
brain are cut through, the sensation, and the perception of the 
impression, immediately cease. In the case of the eye, the 
proof that visual perception is not produced directly in each 
retina, but only in the brain itself by means of the impressions 
transmitted to it from both eyes, lies in the fact (which I shall 
afterwards more fully explain) that the visual impression of any 
solid object of three dimensions is only produced by the combi¬ 
nation of the*Inipres$ions derived from both eyes. 

1 ‘ On the Nature of Special Sensations in Man/ Konigsberger naturwmm- 
schaftliche (Tnterhaltungen, vol. iii. 1852. ‘ Human Vision/ a popular Scien¬ 

tific Lecture by H. Helmholtz, Leipzig, 1855. 

• • 
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What, therefore, wo directly apprehend m not Dm immediate 
action of the external exciting mum upon the ends of our 
nerves, but only tho changed condition of the nervous fibres 
which we call the Mate of moUation or functional activity. 


know, have the same structure, and the change which v 
excitation h in each of them a process of precisely the 
kind, whatever be the function it subserves. For whi 
tank of some nerves is that already mentioned, of carryin 
gitive impressions from the external organs to the brain, 
convoy voluntary impulses in the opposite direction, fro 
brain to the muscles, causing them to contract, and no n 
the limbs. Other nerves, again, carry an impression fm 
brain to certain glands, and call forth their secretion, cir 
heart and to the blood-vessels, and regulate the dim 
But the fibres of all these nerves are the same clear cylii 
threads of microscopic mimfleoees, containing the same oi 
albuminous material. It is tone that there k a difference 
diameter of the fibres, but this, so far as nr# hmm 9 depend 
upon minor causes, such ns the neoeadty of a certain At! 
and of getting room for a certain number of inde|NNid*i 
ducting fibres. It appears to have no relation to tin 
culiarities of function. 

Moreover, all nerves have the Name elceftitMsio&or anti 
the researches of Dtt Beds Beymond 1 prove* In all of tta 
condition of excitation is called fortt by the same meek 
electrical, che mical , m thennometrio tillages. It k prop 
with the same rapidity, of shouts so* hundred fhefc i 
so mmtv to each end of tip Bbrm 9 $md pm4mm ilm mmm d 
la tMt dmmhtmrn? pmpmptim JU«tly t all trrvre dm 
submitted to like miiUhm $mi 9 with it slight aptstrent 

mum naAOtsHfi# to thfli *MdiAmmtm mmMM'mum tlxn MAmm m*A*rt 
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Philippes** «>d Valpton. *^T f * M , w to- 

norres of Uie ton*** toi***> ■■ * j» WJ* 

twm *» «••»»• -*to «J*» !»•« »* l# ** * 

After the wound h«d »***«>. it^ *•***» ^£^£2 fo| , „ 
« P ,*»r half, wbM» in normal c"**l»ito»» 

nation, now ^ oJ 

mw*4 the m«wd«* of *h» to*^ * * T^TmZZ 

these fceta *»» «* dllfetwnw .J.W, t* mm *»**»> **■ *«* •"* 
of different «*r«w <fap*4> mtf «*» *» ^ "T 

organ* to wbfcb On. tm*« to «*» to •*•** “ ***mmi** 

the state of saeiUtJon. , , ., 

Tte noire fibww h«*« l*m ****r *“'* 4 " iik 

wires Ummtdng m mm*f. **« *• «*»§*»»*"■** ***** ^ 

iUtafcmte *Us staikin* »nd i»port«to r^d***? * «*-*» «*•*• 
rf artion. I» U» network of K lgnif t * •* 

*Uie same eepjwr or taxi win* mnfhg Ueeeseoo hM <4 **— 
went, • ef ototaMt* toh ****#«* ** **** Alfrr-nt 
rrenlta In the t ftitomatatto* nm*M totteMaflMp *»**•*«• 
with whiob they™ » “■«»* A* into **» *••*«* to^* 
limNt of»wa,« * 

MordittfiMMhMilUlil. 

i«af fa# |*r^4tMwI ♦!*♦»t« urt# M*ii* ** ► ** *** s** *" 1 
own tte hnatowm »»y to tf «>«< ** » » % * * * 

ftoMMMi itotal ttok #» «****!» 

«nM bt rNOftnised by tbs §SMto of toto% Hr tahet woo tokl 

upon til* tonintft. Or, » ****** etontl MWi «Mf to 
transmitted by toi*«»j»Wo tafcta in ooisr to itfNMto f o o nj o w i to 
for blurting r»«-ke, I n *km% mmf m» «f Us* hwertawl 
waJoim whirti elortrtettf to oft}«Moof ferndweiaig tw*f 
foiA by » wl^»»|d»ie wlr» kM to wtotaNtsr t^»»« *• (tfcwuft mS 
H|»s)wey» thw neiM jxwonsi te lie* *toltaelf »|*A ImdiI* to 
t)in»s dsift'fw# wwftftjuwwwft. Iforro fitess sesi tato^ft| h 
»« «|««dly Mrikiftft mmmptm to nt o tawto llw 4mmm »lo.» «lw 
wunt* nxtwft mh if, «»«tar d**w«wt omtdMhiilW, pm&mm Mtot 

tom. *|1|« ^i»aas ^i,*] 

,?flW-i ##' ■# 1 - ^ ** 



can scarcely say that the truth is mm yet ttYiiversidly mjog- 
nised, sine© in our present subject its oonsoquctici* have been 

till lately disputed* 

Therefore, as motor nerves, when irritated, produce mo vis. 
merit, because they are connected with muscles, and glandular 
nerves secretion, because they lead to glands, no do sensitive 
nerves, when they are irritated, produce Sensation, lmeause they 
are connected with sensitive organa. But wo have very different 
kinds of sensation. In the first place, the impressions derived 
from external objects fall into five groups, entirely distinct from 
each other, The e correspond to this live senses, and their 
difference is so great that it is not possible to compare In quality 
a sensation of light with one of sound or of smell, We will 
name this difference, ao ttiUBli deeper than that between mm* 
parable qualities, a difference of the mode, or Umi 9 extenuation, 
and will describe the diffmmmm between impipatoiia betoiigtag 
to the same aenae (for example, the difference between the 
various sensations of colour) as a difference of quality. 

Whether by the irritation of a nerve we produce * muecubur 
movement, a mention or a sensation, depends tipmt whether we 
am handling a motor, a glandular, or a sensitive wmnr% and not 
at all upon what means of irriUtion we may ese» It may to 
an electrical shock, or tearing the norm* or cutting it through, 
or moistening it with a solution of «§il% or toiuiiliig it with a 
hot wire. In the flame way (and tills jpmt slip In mm 

due to Johannes Mfilter) the kind of «ensa£toti wMA will mmm 
when wo irritate a senelilve nerve, w totter an of 

light, or of sound, m of feeling, or of well* or of taste, will to 
produced, depends entfoeljr upon which mm- the eocrited mrm 
aul«« # vi», and not at all upon ft# mntfaod of oxoitation we 
adopt* 4 

im t m mm apply this loft# ffttk smi-vs, which m the object 
of our present inquiry* In the first fitaw, we know that m 
kind of action upon my part of tin tody, except the eye ami 
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had to work long and hard bdbro it wits understood, ant! tofbr# 
this cloctiims replaced the belief previously hold in the rntmUmt 











Now that w« have oonsidored this action of excitants apoti 
tbo optic nerve in general, we will proceed to the qualitative 


208 RECENT PROGRESS OF THE THEORY OF VISION. 


the optic nerve than other agents of an entirely different nature. 
In ono respect only does light differ from this other cause* which 
are capable of exciting thin nerve: namely, that the retina, 
being placed at the back of the firm globe of the eye, and furt her 


_ —--, . . •«*--- a * 

of vision, and why wa aAr*y» connect tho mmmtmn of light 
with light itself, mm where they are really mmnmmted* But 
we mast never forgot that a survey of all thereto lit their until* 
ml caaneection pats it beyond doubt that external light is only 
cm of the exciting eausei capable of bringing the optic norva 
into functional activity, awl therefore that them m m» mdmsm 
relation between tho mmmilimi of light and light iUielf. 








the hematics of moist. 

pfltiiiltM whirl) farm th» W««« of ether. «*» »’*»*»* B ^ rm ' ,,1 * tv 
srnwu r than that of tfa- w»Ur <»r »f «ir. The »•**"* 

of light sunt forth from tfa- *un differ earecdmgly In •!«*, jw»t ** 
tho little rif>]>l<w «li*» remmita * f, w in,U,m ,lwU " 1 U ' ,n% 
enrh other differ from the warn. «.f the «re»n. Mween who** 
foaming errel* lit* valley* »f «iaty or a hundred f»»t, **••» J’»* 

m high »n<) low, abort and long ««»-. «*» »»*« «'f 

do not differ in kiwi, hoi only in *lre. ** »»*" «»*.».. 

0 f light which *tronm from the win differ •« their fe-*„-ht <w d 
length, but move nil in the wtw manner. *nd »h«* I»>U. r- *«»*»» 
difference, depending upon the length «f th* ***— 

reninrkable pr»|Mrtfa* of reflretton. refraction, lnierfetrr.ee. 
diffraction, and polar Math >n. Ilrt*» •« wnehrl" Urn* t»*« 
undulating movement of the ether fa in all tlwnn tl»e o*n*». 
We mint particularly note that tfa* phenomena «*f intorfarenre. 
under which light I* now rtrengthenrd.ored n<»* obrenred by 
light of tho name kind, according to tme dtatanre it h*» •. 

prove that all tbu n$a of light depend M|«*» reolltotfana of • «»«*, 
and further, tfeitothe phenomena «d polarfaniton, which differ 
according to different fatorel dlreoltoo* of tho my*, ah«w that 
the parietal «f other vibrato at right .ugh* <# OtoiUwoltoti ta 
which tho ray la propfpt«*l. 

All dm different aorta of nya *Wd» I low wmfcm4 
produoo ono aflhot fit vmmmu They »k* th* te»p*fai**re «f 
the object# on whirl* they fall, and meordliifly are all Ml by mr 
»kin «* raya of heat. 

On tho other hand, the cyo only |«nwl*« mm part of lima* 
vibration* of other a* light. It fa not at all rngnbaat of U»o 
wave* of great length, which I hava ro»fai*«l with I few* of th* 
ocean; th**, therefore, are iwnwad th* dtttk fa**r>rwg*. Shah 
are there which |e*wd from a warm hot not red'bet ***»*% »fcd 
which wo mxignfao na brat, fait and m light. 

^gaJn, tho wave* of elinrtret length, which i*»rrei*|r«n4 with 
the v«y amallewt ripple* pnelured by a gentle brew*, are m 
aii^ay typahtd by the eye, that «mh mya are ato* grenwwliy 
regarded iia htvbibto, and are known a* th* 4mt <fe«afref Wf*» 
Bat wont tho very tong are! the wry abort w»*t§ of ether 
t. * 
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there are waves of intermediate length, which strongly ntli rt 
the eye, but do not essentially differ in any other physical 
property from the dark rays of heat and the dark chemical rays. 
The distinction between the visible mid invisible rays depend* 
only on the different length of their waves and the different 
physical relations which result therefrom. We call those middle 
rays Light, because they alone illuminate our eyes. 

' When we consider the heating property of these rays we nbn 
call them luminous heat; and becaose they produce such a very 
different impression on our skni and on our eyes, heat was 
universally considered as an entirely different kind of radiation 
from light, until about thirty years ago. But both kinds of ra¬ 
diation are inseparable from one another in the illuminating rays 
of the sun; indeed, the most careful recent investigations prove 
that they are precisely identical. To whatever optical processes 
thoy may 1st subjected, it is impossible to weaken their illumj- 
nating power without at the same time, and in the same degree, 
diminishing their heating and tbeir chemical action. Whatever 
produces an undulatrfry movement of ether,‘Sf course preducee 
thereby all the effects of the undulation, whether light, or heat, 
or fluorescence, or chemical change. 

Those undulations which strongly affect our eyes, and which 
we call light, excite the impression of different colours, accord¬ 
ing to the length of the waves. The undulations with the 
longest, waves appear to us red ; mid a* the length of the waves 
gradually diminishes they seem to be golden yellow, yellow, 
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colours of the several primary forms of light arc host mm in 
th© spectrum produced by a narrow atrmk of light' passing 
through a glass prism; they are at one© th© fullest and the most 
brilliant which the external world ran show. 

When several of thme colours are mixed together, they give 
the impression of a new colour, which generally mmnn more or 
less white. If they were all mingled in precisely the same pro¬ 
portions in which they art! combined in the sun-light, they 
would give the impression of perfect white. According m the 
rays of greatest, middle, or least wav© length predominate in 
such a mixture, it appears m reddish-white, greenish*whits, 
bluish-white, and so on. 

Everyone who h m watched a painter at work knows that 
two colours mixed together give a 
new one. Now, although the results **°* **■ 

of the mixture of coloured light ^ 
differ in mmif particulars from those 
of the mixture of pigments, yet on * / Jv 

the whole the wgfmSMM to the eye If 

is similar in both easts* If we 
allow two ilSmmt mimmi lights to 

fall at the same time upon m white •* 

seretfii, or upon the earns port of 

our retina, we mo only n single compound colour, more or less 
different from the two original ones. 

The most striking difference between the mixture of pig¬ 
ments and that of coloured light Is, that white painters make 
gram by mixing blue and yellow pigments, the union of blue 
and yellow rays of light products white. The simplest way of 
mixing coloured light is shown In Fig. S3, p is a small flat 
piece of glass; h and g am two coloured wafers. The observer 
looks at b through the glass plate, white g is seen Elected in 
tliii fame; and If g is put in m proper petition, its image exactly 
mimnlm with that of k It then appears as if there was a 
single water at»4 with a colour produced by the mixture of the 
two real mm In this experiment the light from i, which 
tmvMfc* the glass pant, actually unites with that from g f which. 

v% 
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is reflected from it, and the two combined pm on to the return 
at o In general, then, light, which consists of undulation* »f 
different wave-lengths, produce* different impression* upon mu- 
eye namely, those of different colour*. But the rmmlrr of , 
hues which we can recognise is much smaller than that of the 
various possible combinations of rays with difli rent wave lengths 
which external objects can convey to our eyes. '1 he retina 
cannot distinguish between the white which is produced by Urn 
union of scarlet and bluish-green light, and that which is com¬ 
posed of yellowish-green and violet, or of yellow mid ultnuimriun 
blue, or of red, green, and violet, or of nil the colours of the 
spectrum united. All these combinations appear identically ns 
white; and yet, from a physical point of view, they are very 
different. In fact, the only resemblance between the aevornl 
combinations just mentioned ia, Unit tlicy arc iiuli ’ 
to the human eye. Tor jmstanoe, a surface illuminated with 
red and bluish-green light would come out black in a photograph • 
while another lighted with yellowish grow and violet would 
appear veiy bright, although both surfaces nlike seem to the 
eye to be simply white. Again, if we sti rely illuminate 
coloured objects with white beams of light of various ootuposi- 
tion, they will apjasir differently coloured. And wbeuavu wo 
decompose two auch ism ins by a prism, or look at them through 
a coloured glass, the difference between thorn at one* becomes 
evident. 

Other colours, also, especially when they a m not strongly 

pronounced, may, like pure white light. »«*> «‘-wp.I of very 

different mixtures, and yet iipja-ur in«lt»fingtlWi»bhi to the eye, 
while in every other property, physical or chemical, they «ro 

entirely distinct 

Newton first showed how i«* .<:■;•>-■* ♦ ’ ’ "f '• i > t 

distinguishable to the eye In a simple diagrammatic term -n t 
by the suiue mean: if i ■ comp tr uiw iy mV to *!■ im<i, the 

law of the combination of colours. Tins primary colour* of tiie 
gpectram are arranged in a series around the sinramfertmt-n of a 
circle, beginning with red, and by iteperosptfble degree* passing 

■ I ■'$ 

• f * ■ ' 
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through the venous hues of ilia ram how to violet, The red 
and violet are united by shades of purple, which on the one Bide 
pass off to the indigo and Hue tints, and on the other through 
crimson and scarlet to orange# The middle of the circle is left 
white, and cm lines which run from the centre to the circumfer¬ 
ence aw represented the various tints which can be produced by 
diluting the full colours of the circumference until they page 
into white# A eolanr-diso of this kind shows all the varieties 
of hue which mn be produced with the game amount of light. 

It will now be found possible so to arrange the places of the 
several oolottra in this diagram, and the quantity of light which 
each reflect*, that when wa have asoertainml the resultants of 


two colours of different known strength of light (in the sara i 
way m we might determine the centre of gravity of two bodies 
of different known weights), wo shall then find their combina¬ 
tion-colour at the * centre of gravity ' of the t wo amounts of 

;e, 

the combination-colour of any two colours will be found upon 


which contain more of one than of the other component hue, 


those amwm m the spectrum which are most saturated in nature 
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and which must therefore be placed at the great oh t diatauro frcim 
the central white, will not arrange themselves in tie* i»nn of $% 
circle. The circumference of the diagram promt# three pro- 
jections corresponding to the red, the green, nml I he v 111 I ft, M$ 
that the colour circle is more properly » triangle, with the 
comers rounded oflf, as seen in Fig* 34* The ootiiimiomi line 
represents the curve of the colours of fclie ftpeetirimi, ami rim 
small circle in the middle the white. At the cortmin nre thm 
three colours I have mentioned, 1 wad the mlm of the triangle 
show the transitions from rod through yellow into green, from 
green through bluish-green and ultmtuaniu* to violet, and from 
violet through purple to scarlet. 

Newton used the diagram of the colours of the sfmetrtiir* (in 
a somewhat different form from that just given) only m it cun* 
venient way of representing the facts to the eye; but recently 
Maxwell has succeeded in demoostimtiiig the strict unci even 
quantitative accuracy of thffjprindplrK involved in «h** < j nu»* 
tion of this diagram. His method m to produce emcihiu tii i if 
colours on swiftly rotating discs, {minted o^wurmm tinto in 
sectors. When such a disc m turned mpidly nmnd f so that the 
eye can no longer follow the rojwmito hmm t they melt into a uni. 
form combination-colour, and the quantity of light which belongs 
to each can be directly measured by the breadth of the meter uf 
the circle it occupies* Now the ndmm which nm 

produced in this nmmwr ere exactly thmo which would r-mnti if 
the same qualities of colon rod light ill umi tutted tlni atiiii 
continuously, as can be experimentally pmvml Thm hmr t he 
relations of size and number been iiitroducsd Into idly 

inaccessible region of colour*, and their cl fit m m*m in f 
have ton reduced to rcklbtis of quantity* 

All differences btfimii ruhmm nmf Immtlmml to thm\ which 
may bedescribedasdifltoitro of tom V tob*i*-jiroof Mum , or, m 
it is technically called, 1 satus ;/:*** t \ t 4 M v* .' i , , 

The differences of hm* or- t],, 4 ** vtoi 4* r%U U tw^-u f jV *u) 4 

1 The author hm mUm*l vmfrt mm pUmtVm* in V"'-r<to»™ 

tho experiment* of J. *1, Midi* r,!»m». : »* the feral mUlmn »t|u]u,| |% 

of Maxwfcli that it it Mac. 
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colours* of the sjiortritii), and to whirl* we give the names ml, 
\clIow, blue, violet, purple, TIhih, with regard to tone, colours 
lurtii ii mi wn which returns ttfwui itself; a series whirl* we com¬ 
plete when we h! low the terminal colours of this minhow to pus* 
into oiu* another through purple and crimson, It ii in fart the 
mm# which we drmmfm m arrange*! around the circumferences of 
the colour disc. 

The ftdmm or mi! ttration of colours is greatest in the pure 
tints of the spectrum, and Immom k*m in proportion us they am 
mixw! with white light. This, at least, m true for colours pro- 
diiced by external light, bat for oar sensations it is possible to 


I presently mm* Pink is a whitish-crimson, flesh-colour a 
tiah scarlet, and m pal© green, straw-colour, light blue, <ka, 
all produced by diluting the corresponding colours will* 
to. All compound colours are, as a tjjle, less saturated than 














# 
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tion) } and difference of amount of illumination (bright w**). ft 
is in this way that we describe the system ofcoluiux in ordinary' 
language. But we are able to express thin thxtnifold diffuruiuw 
iu another way* 

1 said above that a properly constructed mkmrSms n|»* # 

proaches a triangle in its outline. Let us suppose fora moment 
that it is an exact rectilinear triangle, ms ruruie by tli*f line 

in Fig. 34 ; how far this differs from the actual condition w** 
shall have afterwards to point out. Lot the colours mi, green, 
and violet be placed at the cantons, then we mm ti»« law which 
was mentioned above ; namely that nil the colour* in the in 
terror and on the sides of the triangle are <x>tn|Knmds of the 
three at its comers. It follows that aUdifftrmm$ mf km depmd 
upon combimUiom in different proportions of iim ikrm primary 
colours. It is best to consider the three jmirsaftircl ns primary ; 
the old ones red, yellow, and blue are inconvenient, snd wore 
only chosen from experienced paintera 9 colours. It is m\umihU 
to make a green out of blue and yellow light* 

We shall better understand the remarkably fact that we are 
able to refer all the varieties in the composition of external light 
to mixtures of three primitive colours, if in this respect wo 
compare the eye with the ear, 

Sound, as I mentioned before, is, like light, m undulating 
movement, spreading by waves. In the mm of sound alec, we 
have to distinguish waves of various length wind* produce upon 
our ear impressions of different quality* ‘ We mmgpfa Urn long 
waves as low notes, the short m high pitch* d, find llmmt %uus 
receive at once many waves of sound—that is to sty, mmy 
notes. But horn these do not melt into compound note* m I h* 
same way that colons, when prmviid at hint mum ihw* md 
place, melt into compound coloum Tim «yt mmmt tell tbs 
difference, if wssuhslitute «r:mg« for ml and yellow; hut if «,-** 
hear the notes 0 and E sounded at the mm tim$ f m cannot 
put I) iwdml of tl*m, will Mil i ntiirly citnnt'tnu tla* 
sion apon the cor, Tb.> t, rutnpHrah.I lm n;. ,.v »,f a f. ( : ( 
orchestra become* changed to on* perception if w« alter any me 
of its notes. Ho accord {or oonsowuw of several tones) is, at 

| 

t r- 
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least for the practised ear, completely like another, composed of 
different tones ; whereas, if the ear perceived musical tones as 
the eye colours, every accord might be completely represented by 
combining only three constant notes, one very low, one very 
high, and one intermediate, simply changing the relative strength 
of these three primary notes to produce all possible musical 
effects. 

In reality we find that an accord only remains unchanged to 
the ear, when the strength of each separate tone which it con¬ 
tains remains unchanged. Accordingly, if we wish to describe 
it exactly and completely, the strength of each of its component 
tones must be exactly stated. 

In the same way, the physical nature of a particular kind of 
light can only be fully ascertained by measuring and noting the 
amount of light of each of the simple colours which it contains. 
But in sunlight, in the light of most of ifre stars, and in flames, 
we find a continuous transition of** colours into one another 
through numberless intermediate gradations. Accordingly, 
we must ascertain the amount of light of an infinite number of 
compound rays if we would arrive at an exact physical know¬ 
ledge of sun or star light. In the sensations of the eye we need 
distinguish for this purpose only the varying intensities of three 
components. 

The practised musician is able to catch the separate notes of 
the various instruments among the complicated harmonies of an 
entire orchestra, but the optician cannot directly ascertain the 
composition of light by means of the eye; he must make use of 
the prism to decompose the light for him. As soon, however, 
as this is done, the composite character of light becomes ap¬ 
parent, and he can then distinguish the light of separate fixed 
stars from one another by the dark and bright lines which the 
spectrum shows him, and can recognise what chemical elements 
are contained in flames which are met with on the earth, or 
eveti in the intense heat of the sun’s atmosphere, in the fixed stars 
or in the nebulae. The fact that light derived from each separate 
source carries with it certain permanent physical peculiarities 
is the foundation of spectrum analysis—that most brilliant dis- 
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covery of recent years, which has opened the extreme 1 India «f # 
celestial space to chemical analysis* 

There is an ex remedy interesting and not wry mwmmmm 
defect of sight which is known as eulour-bliiidmv*, In thk 
oondition the differences of colour are reduced to a still irtorw 
simple system than that described above; nainidy, to combina 
tionsof only two primary colours. Persona tml urn rolled 

colour blind, because they confound certain hum which appear 
very different to ordinary eves. At the untiia time they «liatin* 
guish other colours, and that quite as accurately, or even (m it 
ieems) rather more accurately, than cmHoaty people* They ana 
usually 1 red-blind*; that is to my, there is m red * 

system of colours, and accordingly they ee no difference which 
is produced by the addition of ml All tints mm tar them 
varieties of blue and green, or, an they call it, yellow, Accord* 
ingly scarlet, flesh-colour, white, and Mttkh |r«u apj %t If 
them to be identical, or at*the utmost to differ in brighfnim 
The same applies to crimson, violet, end blue, end to red, 
orange, yellow, and green. The scarlet fl«w<?tf at *’ r ' i . ; * 
have for them exactly the same colour* m It* leave*. They 
cannot distinguish between the red and the gtm n signal* of 
trains. They cannot «ee the reel end of the spectrum at all. 
Very full scarlet appears to them almost black, go that a ml* 
blind Scotch clergyman want to buy scarlet d 1 4 *. * 
thinking it was black. 1 

In this particular of discrimination of eolotirK, we find 
remarkable inequalities in different part# of the retina* In tlm 
first place, all of us are red*blind in the oiiterni«»t pmi nf 
field of vision. A ganaiumdilmvom when moved ** I* 

and forwards just within lb- d d \ « - v, 

a moving object III colour k not naett, m$ tlmt if it I* wmm I 
in front of a maw of leaves of the mmm ptest It mmmmA be din- 
anguished from them In hue. In fast, all ivd t’<A«ir* »|^mr 
much darker when viewed ittdlreetiy* Till* tadUMind part of 

* A similar utorr is teM *if Dalfcm, tbs *a&cr «if ill# TImm*?** 

Ha wan a Quaker, and want to til# IfvkMdtaf Mating, at Mmmhmrn, i# a p*}* 
of m&rht Moek'pgi, wfekfi im wag UM pmi m phmtf fell entiM#} ***#& §f«f 
on fl&r-Ts. 
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^ the retina is most extensive on the inner or nasal side of the 
field of vision; and according to recent researches of Woinow, 
there is at the furthest limit of the visible field a narrow zone 
in which all distinction of colours ceases and there only remain 
differences of brightness. In this outermost circle everything 
appears white, grey, or black. Probably those nervous fibres 
which convey impressions of green light are alone present in 
this part of the retina. 

In the second place, as I have already mentioned, the middle 
of the retina, just around the central pit, is coloured yellow. 
This makes all blue light appear somewhat darker in the centre 
of the field of sight. The effect is particularly striking with 
mixtures of red and greenish-blue, which appear white when 
looked at directly, but acquire a blue tint when viewed at a 
slight distance from the middle of the field; and, on the other 
hand, when they appear white liere^ ar# red to direct vision. 
These inequalities of the retina, like the others mentioned in 
the former essay, are rectified by the constant movements of 
the eye. We kn#w from the pale and indistinct colours of the 
external -world as usually seen, what impressions of indirect 
vision correspond to those of direct; and we thus learn to judge 
of the colours of objects according to the impression which they 
would make on us if seen directly. The result is, that only 
unusual combinations and unusual or special direction of atten¬ 
tion enable us to recognise the difference of which I have been 
speaking. 

The theory of colours, with all these marvellous and com¬ 
plicated relations, was a riddle which Goethe in vain attempted 
to solve; nor were we physicists and physiologists more suc¬ 
cessful. I include myself in the number; for I long toiled at 
the task, without getting any nearer my object, until I at last 
discovered that a wonderfully simple solution had been dis¬ 
covered at the beginning of this century, and had been in print 
ever since for anyone to read who chose. This solution was 
found and published by the same Thomas Young 1 who first 
showed the right method of arriving at the interpretation of 
1 Bora at Milverton, in Somersetshire, 1773, died 1829. 
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Egyptian hieroglyphics. He was one of the most acute men 
■whoever lived,but had the misfortune to U* ton far in wlvnurn 
of his contemporaries. They looked on him with astonishment, 
hut could not follow his bold speculations, and thus a nnua of f 
his most important thoughts remained buried »nd forgotten in 
the ‘Transactions of the Royal Society,' until a later generation 
by slow degrees arrived at the rediscovery of his discovert re, 
and came to appreciate the force of his arguments end the 
accuracy of his conclusions. 

In proceeding to explain the theory of colours proposed by 
Mm, I beg the reader to notice that the conclusions afterwards 
to be drawn upon the nature of the sensations of sight are quite 
independent of what is hypothetical in this theory. 

Hr. Young supposes that there are in the eye three kinds 
of nerve-fibreR, the first of which, when irritated in any way, 
produces the sensatioi^of red, the second the sensation of green, 
and the third that of violtt. He further assumes that the first 
are excited most strongly by the waves of ether of greatest 
length; the second, which are sensitive to green light, by the 
waves of middle length; while those which convey inipmstiona 
of violet are acted upon only by the shortest vibrations of ether. 
Accordingly, at the red end of the apectrmu the mi citation of 
those fibres which are sensitive to that colour predominates; 
hence the appearance of this part as mi. Further on there U 
added an impression upon the fibres sensitive to green light, 
and thus results the mixed sensation of yellow, In the mnblln 
of the spectrum, the nerves sensitive to green 1* • much 

more excited than the other two kinds, and accordingly gnu 
is the predominant impression. Aa soon an IS ; 

with violet tho result is the colour know n »»« I4««; wl || at th» ^ 
most highly refracted end of the ; ;<•■! tr«»i tl - ?> ■■ 

duced on the fiteeswhWh are seiiKiivofM •. . 

every other. 1 

1 The precise tint of th<* »-.< e ,•> sanmet : ■ ■ wiy 

ascertained by experiment, the rwl elen*. It U tortels ftmn «I» 
of the eolonr-bHnd, belons;* to the «xtmM tod of lb# epwtrww, At it* *Owr 
end Young took violet f.»r the Kimifire ruhiur, *.■.!,:> *.{w 
that it ie more properly Mae. The«MS0M as op** ones eoronlfnf 
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It will be seen that this hypothesis is nothing more than a 
further extension of Johannes Muller’s law of special sensation. 
Just as the difference of sensation of light and warmth depends 
demonstrably upon whether the rays of the sun fall upon nerves 
of sight or nerves of feeling, so it is supposed in Young’s hypo¬ 
thesis that the difference of sensation of colours depends simply 
upon whether one or the other kind of nervous fibres are more 
strongly affected. When all three kinds are equally excited, 
the result is the sensation of white light. 

The phenomena that occur in red-blindness must be referred 
to a condition in which the one kind of nerves, which are sensi¬ 
tive to red rays, are incapable of excitation. It is possible 
that this class of fibres are wanting, or at least very sparingly 
distributed, along the edge of the retina, even in the normal 
human eye. 

It must be confessed that both in nysn and in quadrupeds 
we have at present no anatomical baSls for this theory of colours; 
but Max Schultze has discovered a structure in birds and reptiles 
which manifestly*corresponds with what we should expect to 
find. In the eyes of many of this group of animals there are 
found among the rods of the retina a number which contain a 
red drop of oil in their anterior end, that namely which is turned 
towards the light; while other rods contain a yellow drop, and 
others none at all. Now there can be no doubt that red light 
will reach the rods with a red drop much better than light of 
any other colour, while yellow and green light, on the contrary, 
will find easiest entrance to the rods with the yellow drop. 
Blue light would be shut off almost completely from both, but 
would affect the colourless rods all the more effectually. We 
may therefore with great probability regard these rods as the 
terminal organs of those nervous fibres which respectively 
convey impressions of red, of yellow, and of blue light. 

I have myself subsequently found a similar hypothesis very 
convenient and well fitted to explain in a most simple manner 

to J. J. Mtiller’s experiments (Archiv filr Ophthalmologie , XV. 2. p. 208) 
violet is more probable. The fluorescence of the retina is here a source of 

difficulty. 





222 RECENT PROGRESS OF THE THEORY OK VISKiY- 

certain peculiarities which have bean observed in ilia pracptton 
of musical notes, peculiarities as enigmatical nn tliciKo wo have 
been considering in the eye. In the cmhlm of the internal car 
the ends of the nerve fibres He regularly spread out side in 
and provided with minute elastic appendages (the mils of <*orti) 
arranged like the keys and hammers of a piano. My hypoth«*is* 
is, that here each separate nerve fibre U constructed m m to 
take cognimnce of a definite note, to which its elastic fibre 
vibratos in perfect consonance. This is not the place to describe 
the special characters of our sensations of niusitml tones which 
led me to frame this hypothesis. Its analogy with Young'* 
theory of colours is obvious, and it refers the origin of overtone*, 
the perception of the quality of sounds, the ciiffettmod Imtwsmi 
consonance and dissonance, the formation uf the uiusiml seal®, 
and other acoustic phenomena, to m simple a principle mt that 
' of Young. But in thg case of the ear, I could point So n much 
more distinct anatomical fSUndation for such a hy|n»theNis, unJ 
since that time, I have been able actually to demonstrate the 
relation supposed; not, it is true, in man <gr any vertebrate 
animals, whose labyrinth Ilea too deep for experiment* but in 
some of the marine Crustacea, Three nnmmk he m external 
appendages to their organs of hearing which may be ebaervinl 
in the living animal, jointed tlinmmiM hi which the fibra* of the 
auditory nerve are distributed ; and Hmmn, of Kiel, turn satis* 
fled himself that some of them® dktxsetila are suit in station by 
certain notes, and others by different emeu. 

It remains to reply to an olijeetkai agriaefc Young's theory 
of colour. I mentioned above that the outline of Um mluny - 
disc, which marks th© position of ti«. mmt M«mt i ! 

(those of tli© qpoettrain), appraefa«i ton fiisiiglo in fa™, ; bto 
our conclusions upoit#o theory of tfe* litre© prfauuv n.fanr. 
depend upon a perfect m-rifa,. ir frhngte inciting the mm phi© 
colour-system, for only fa that mm m it pmahh* to p f ,,hr - n j 
possible tints % variola mmhitmihm* of the thm* p,b ;V/ 
colours at the angta, It mn t, however, Im rwiwmb i *1 ti V 
th© colour-dto only include iWfifliv of eofattm which 
actually occur in nature, while our theory hia to do with t\m 
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nmbr: h of t» *r u / • * h * * , omat iomt of colour. Wp nwil then 
only «#4ini« that net uni coloured light do** not produce* mmwa- 
thmn of nhnolutolv pure colour; tlmt ml, for inn! unco, even 
when comj»lively freed from nil admixture of whit** light, Mill 
dam not oxetto tham norvouM fibre* alone which are Hcnaitivo 
to imprwKkiw of rod, but nlm t to a very alight degree, thnno 
which netudtivii to green, and periutp* to a nttil mimllor 
client thc«« which mrm ncfiattivn to violet my*, If thi* ini no, 
then the which the ptirmi red light produce* its tlio 

eye in still not the pumt mmwiion *»f re*! which we can concei ve 
nf m poorihlft Thin mmmtUm con hi only k* culled forth hy a 
ffiller, purer, mom mttwmUnl red than him ever been m%m in 
this world!. 

It i# pooriblo to verify lit it* ecunclunion. We nw aide to 
product nrtilicinUy n missstion of the kind I have dtwrtbod. 
Thin fact if* not only important m a^omphtlit atitwor to $% 
pawhte objartiem to Young'‘n Uinory^hiit k m\m % m will remitly 
\m mm 9 of tlm grmtmt importune* for ittsdcmtendiiig the rmt 
mim of mr topmi tom of colour, In order to dtmriim the 
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It is thus that futigue of tho entire retina shows itself. 
But it is possible for separate parts of that membrane to tewouie 
exhausted, if they alone have received a strong light. If we 
look steadily for some time at any bright object, surrounded! by 
a dark background—it is necessary to look steadily in order Unit 
the image may remain quiet upon the retina, and thus fatigue 
a sharply defined portion of its surface—and afterwards turn 
our eyes upon a uniform dark-grey surface, we **> projected 
upon it an after-image of the bright object wo wore looking at 
just before, with the same outline but with reversed illumin¬ 
ation. What was dark appears bright, and what was bright 
dark, like the first negative of a photographer. By care¬ 
fully fixing tho attention, it is possible to produce very elaborate 
after-images, so much so that occasionally even printing can 
he distinguished in them. This phenomenon is the result of 
a local fatigue of the retina. These parts of the membrane 
upon which tho bright light fell before, are now loss sensitive to 
tho light of the dark-grey background than the neighbouring 
regions, and there now apfwnre a dark »|*»t upyn tho really uni¬ 
form surface, corresponding in extent to the surface of th« retina 
which before received tho bright light. 

(I may here remark that illuminated ah ret* of white paper 
are sufficiently bright to produce this after-image. If we look at 
much brighter ol junta—at flumes, or at tho sun itself -th»» < ffrt 
becomes complicated. The strong excitement of tin* retina dons 
not pass away immediately, hut produces a direct or positive* 
after-image, which at first unites with tho negative «r indin «-i 
one produced by the fatigue of the retina. Betides thia the 
effects of the different colours of white light differ both in 
duration and intensity, so that the after images bwi.w redound, 
and the whole phenomenon much more oompliwted.) 

By means of these after-images it is easy to convince turns-If 
that the impression produced by a bright sunrise# begins to di¬ 
minish after the first second, and that by the. end of a single 
minute it has lost from a quarter to half of Its iig**n*lty. Tim 
simplest form of experiment for tote et$«wt is m follows, Clover 
half of a white sheet of paper with a black one, fix the ey* upon 
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some point of tho white sheet near tho margin of the black, and 
after 30 to fiO seconds draw tho black sheet quickly away, with¬ 
out losing sight of the point. Tho half of the white sheet 
which is then exj>owHl appears suddenly of the most brilliant 
brightness; and thus it becomes apparent how very much the 
first impression produced by the upper half of tho sheet had 
become blunted and weakened, even in tho short time taken by 
tho experiment And yet, what is also important to remark, 
the observer doe* not at all notioo this fact, until the contrast 
brings it before him. 

J 4 wt.ly, it is possible to produce a partial fatigue of the 
retina in another way. We may tire it for certain colours only, 
by cxjHHing cither the entire retina, or a portion of it, for a 
certain time (from half a minute to five minutes) to ono and the 
same colour. According to Young’s theory, o ily one or two 
kinds of tho optic nerve fibres will thgn bo fatigued, those 
namely which are sensitive to impressing of tho colour in ques¬ 
tion. All tho rest wilt remain unaffected. The result is, that 
wlien the after-lmoge appears, rod, wo will suppose, upon a grey 
background, tho uniformly mixed light of the latter can only 
produce sensation* of green and violet in tho part of the retina 
which ha* become fatigued by red light. This part is made red- 
blind for tha time* The after-image accordingly appears of a 
bluish gram, the complementary colour to rod. 

It in by this means that we are able to produce in the retina 
the pure and primitive sensations of saturated colours. If, for 
instance, wo wish to see pure red, wo fatigue a part of our retina 
by the bluish green of the spectrum, which is the complementary 
colour of red. We thus make this port at once green-blind and 
violet-blind. We then throw the after-image upon tho red of as 
perfect a prismatic spectrum as possible} tho imago immediately 
appears in full and burning red, while the red light of the 
sjtertrain which surrounds it, although the purest that the world 
can (Hlbr, now seems to the unfatigued part of the retina less 
mtumtni timn£ho after-image, and looks as if it were covered 
by a whitish m’ut. 

These forts are perhaps enough. I will not accumulate fur- 

I. q 
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tber details, to understand which it would be neeesmt ry to mil st 
upon lengthy descriptions of many separate experiments 

We have already seen enough to answer the question 
whether it is possible to maintain the natural and innate con vig¬ 
our sensations, and specially our m mm* 
give us a true impress lon of rorroapomling 
the outer world. It is clear that they do not# 
really deckled by Johannes Miillcsr% dwhietlou 

5 nervouN energy* 
ns colour, or m 


tion that the quality of 
tions of sight, 
qualities in ■ 

The question was 

from well-ascertained facts of the law cf specific 
Whether the rays of the sun appear to tm 
warmth, does not at all depend upon their own proportion, but 
simply upon whether they excite the fibres of the optic nerve, 
or those of the skin. Pressure upon the eyeball, & fro bits current 
of electricity passed through it, a narcotic drug carried to the 
retina by the bloodytre capable of exciting the sciimtkifi of 
light just as well as the Sunbeams. The most complete differ¬ 
ence offered by our several sensations, that namely between ttioft* 
of sight, of healing, of taste, of smell, of touch—tide 

deepest of all distinctions, so deep that it is ixnpositdhlo to draw 
any comparison of likeness, or unlikeness, between the arasatlon* 
of colour and of musical tones—does not, m we now see, at nil 
depend upon the nature of the external object, but solely upon 
the central connections of the nerves which are affected. 

We now see that the question whether within the spuds! 
range of each particular sense it is possible to ikmmr a ooin* 
cidence between its objects and the sensations they produce, m 
of only subordinate interest. What colour the wmm of ether 
shall appear to us when they are perceived by the optic 3 mmim 
depends upon their length. The system of naturally vinthh 
colours offers us a series of varieties in the com position of light, 
hut the number of those varieties is wonderfully reduced! from 
an unlimited number to only three. Inasmuch m the mmi im¬ 
portant property of the eye is its minute appreciation of lodUitjr, 
and as it is so much more perfectly organised fyv this pttrp mm 
than the ear, we may ho well content that it m capable of ro* 
cognising comparatively few differences in quality of light ; the 
eat‘, which in the latter respect is so enormously better provided. 
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Jias scarcely any power of appreciating differences of locality. 
But it is certainly matter for astonishment to anyone who 
trusts to the direct information of his natural senses, that 
. 9 neither the limits within which the spectrum affects our eyes 
nor the differences of colour which alone remain as the simpli¬ 
fied effect of all the actual differences of light in kind, should 
have any other demonstrable import than for the sense of sight. 
Light which is precisely the same to our eyes, may in all other 
physical and chemical effects be completely different. Lastly, 
we find that the unmixed primitive elements of all our sensa¬ 
tions of colour (the perception of the simple primary tints) 
cannot be produced by any kind of external light in the natural 
unfatigued condition of the eye. These elementary sensations 
of colour can only be called forth by artificial preparation of the 
organ, so that, in fact, they only exist as subjective phenomena. 
We see, therefore, that as to any correspondence in kind of ex¬ 
ternal light with the sensations it produces, there is only one 
bond of connection between them, a bond which at first sight 
may seem slender Enough, but is in fact quite sufficient to lead 
to an infinite number of most useful applications. This law of 
correspondence between what is subjective and objective in 
vision is as follows:— 

*S imilar light products under like conditions a like sensation 
of colour . Light which under like conditions excites unlike 
sensations of colour is dissimilar . 

When two relations correspond to one another in this manner, 
the one is a sign for the other. Hitherto the notions of a 'sign' 
and of an 4 image’ or representation have not been carefully 
enough distinguished in the theory of perception; and this 
seems to me to have been the source of numberless mistakes 
and false hypotheses. In an ‘ image ’ the representation must 
. fie of the same kind as that which is represented. Indeed, it is 
onlj^so far an image as it is like in kind. A statue is an image 
of a man, so far as its form reproduces his : even if it is exe¬ 
cuted on a smaller scale, every dimension will be represented in 
proportion. A picture is an image or representation of the 
original, first because it represents the colours of the latter by 
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similar colours, secondly because it represents a part of its re^ 
l&tions in space—those, namely, which belong to perspective— 
by corresponding relations in space. 

Functional cerebral activity and the mental conceptions 
which go with it may be ‘ images ’ of actual occurrences in the 
outer world, so far as the former represent the sequence in time 
of the latter, so far as they represent likeness of objects by 
likeness of signs—that is, a regular arrangement by a regular 
arrangement. 

This is obviously sufficient to enable the understanding to 
deduce what is constant form the varied changes of the external 
world and to formulate it as a notion or a law. That it is also 
sufficient for all practical purposes we shall see in the next chap¬ 
ter. But not only uneducated persons who are accustomed to 
trust blindly to their senses, even the educated, who know that 
their senses may be deceived, are inclined to demur to so com¬ 
plete a want of any closer correspondence in kind between actual 
objects and the sensations they produce than the law I have just 
expounded. For instance, natural philosopl®ers long hesitated 
to admit the identity of the rays of light and of heat, and ex¬ 
hausted all possible means of escaping a conclusion which seemed 
to contradict the evidence of their senses. 

Another example is that of G-oethe, as I have endeavoured 
to show elsewhere. He was led to contradict Hewton’s theory of 
colours, because he could not persuade himself that white, which 
appears to our sensation as the purest manifestation of the 
brightest light, could he composed of darker colours. It was 
Newton’s discovery of the composition of light that was the first 
germ of the modem doctrine of the true functions of the senses > 
and in the writings of his contemporary, Locke, were correctly 
laid down the most important principles on which the right in¬ 
terpretation of sensible qualities depends. But, however clearly 
. we may feel that here lies the difficulty for a large number of 
people, I have never found the opposite conviction of certainty 
derived from the senses so distinctly expressed that it is possible 
to lay hold of the point of error; and the reason seems to me to 
lie in the fact that beneath the popular notions on the subject lie 
other and more fundamentally erroneous conceptions. 


m 
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We must not be led astray by confounding the notions of a 
n 'phenomenon and an appearance . Tbe colours of objects are 
phenomena caused by certain real differences in their consti¬ 
tution. They are, according to the scientific as well as to the 
uninstructed view, no mere appeai-ance, even though the way 
in which they appear depends chiefly upon the constitution of 
our nervous system. A ‘ deceptive appearance 7 is the result of 
the normal phenomena of one object being confounded with those 
of another. Bufc the sensation of colour is by no means a decep¬ 
tive appearance. There is no other way in which colour can 
appear; so that there is nothing which we could describe as 
the normal phenomenon, in distinction from the impressions of 
colour received through the eye. 

Here the principal difficulty seems to me to lie in the notion 
of quality . All difficulty vanishes as soon as we clearly under¬ 
stand that each quality or property of a thing is, in reality, 
Nothing else but its capability of exe#cisfng certain effects upon 
other things. These actions either go on between similar parts 
of the same body^and so produce the differences of its aggregate 
condition; or they proceed from one body upon another, as in 
the case of chemical reactions; or they produce their effect on 
our organs of special sense, and are there recognised as sensations , 
as those of sight, with which we have now to do. Any of these ac¬ 
tions is called a 6 property/when its object is understood without 
being expressly mentioned. Thus, when we speak of the * solu¬ 
bility 7 of a substance, we mean its behaviour towards water ; 
when we speak of its ‘ weight/ we mean its attraction to the 
earth ; and in the same way we may correctly call a substance 
‘ blue/ understanding, as a tacit assumption, that we are only 
speaking of its action upon a normal eye . 

But if what we call a property always implies an action of 
one thing on another, then a property or quality can never de¬ 
pend upon the nature of one agent alone, but exists only in re¬ 
lation to, and dependent on, the nature of some second object, 
which is acted upon. Hence, there is really no meaning in 
talking of properties of light which belong to it absolutely, in¬ 
dependent of all other objects, and which we may expect to find 
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represented in the sensations of the human eye. The notion of 
such properties is a contradiction in itself. They cannot pnwdldy 
exist, and therefore we cannot expect to find any coincidence of 
our sensations of colour with qualities of light. 

These considerations have naturally long ago suggested 
themselves to thoughtful minds; they may ha found clearly ex¬ 
pressed in the writings of Locke and Herbart, 1 and they nro 
completely in accordance with Kant’s philosophy. But in former 
times, they demanded a more than usual power of abstraction 
in order that their truth should be understood j whereas now 
the facts which we have laid before the reader illustrate them 
in the dearest manner* 

After this excursion into the world of abstract !d«ms, we 
return once more to the subject of colour, and will now ex¬ 
amine it as a sensible *jdga # of certain external qualities, either 
of light itself or of the objhcts which reflect it. 

It is essential for a good sign to be constant—4hat is, the 
same sign must always denote the same objeofc Now we have 
already seen that in this particular our sensations of colour are 
imperfect; they are not quit© uniform over the entire field of 
the retina. But the constant movement of the ©ye supplies 
inis imperfection, in the same way as it makes up for the un¬ 
equal sensitiveness of the different parts of the ref inn to form. 

We have also seen that when the retina becomes tired, the 
intensity of the impression produced on it rapidly diminishes, 
but here again the usual affect of the constant movement# of the 
eye is to equalise the fatigue of the various parts, end hmm w© 
rarely see after-images. If they appear at all, it is in the mm 
of brilliant objects like very bright flames, or the sun itself. 
And, ho long as thefbtigueof the entire retina is uniform, the re¬ 
lative brightness and relour of the different onsets in sight re¬ 
mains almost unchanged, so that the effect of fatigue In gradually 
to weaken the apparent illumination of the entire field of wkhtu 

* 

‘Johann Friednd* Herlmrt* b«rn 1770, died 1041, profrwnr of phlhmphy 

at K©ni|^harg and GSttittg&i, author of JPtgg&oiagfa eis mn^ 

gtyt unatii auf Erfahnmg, Mtiapkytik untl M<Ok*matik,~~Tiu 







This bring* m to conddnr the difference* In the picture* 
’famontod by the oyo, which dopuid *m dlfforont degress of illu- 
inIiiiiilon^ Hero again w<? meet with instructive facts. We 
look ill external objects under light of very different mtenuity, 
varying from the mm% daztiiug sunshino to the pule hmnm ef 
tho moon ; anil the light of the full moon is 150,000 times less 
tliiifi that. cif the sun. 

Moreover, the colour of the illumination may vary grmtly. 
Tims, we sometime* employ artificial light, mid this N nlwnys 
more or loss orange in colour; or tho natural daylight m filtered, 
m we sac it in the green shade of ini arlxnir, or In % room with 
coloured carpets and curtains. As the brightness and the colour 
of the illuniktiAtion changes, so of course will the brightness and 
colour of tho light which tho illuminated objects reflect to our 
eyes, since all differences in locnl roloiir depend upon different 
bodies reflecting and absorbing various proportions of th«t 
dbveral rays of tho sun. CJiiinaljar^doct* the rays of great 
length without any obvious loss, while it absorbs almost the 
whole of tho oi%r rays. Accordingly, this infant*nan appears 
of the same rad colour ns tho beams which it throws bank into 
th# m If it is illuminated with light of *»me other colour, 
without any mixture of rad, it appears almost black, 

Thme ohwrratto™ teach what wt find confirmed by dally 
mfmhmm in a hundred ways, that the apparent colour mi 
brightness of Illuminated oitjtcfs varies with tint odour and 
lirightsiM of th# illumination. This Is a fuel of tho first Im* 
po ttaaoo for tho painter, for many of bis finest effects depend 
on it. 

But what fa most important pm* tally Is for ns to lie able 
to recognise surrounding object* when we see them : it is only 
seldom that* for eerne Artistic or scientific purpose, we turn our 
attention to tho way in which they amUluminatad. Mow what 
|$ eoiiifeiiit in th# colour iff' an otjeot Is not the brightness and 
enter of the light whleh it but tho fetation between 

the httnullgr yf tho dU^mtooloursd oonstUmtii# of tftfa light, 
m tlm um land, and that- ef the oortespondii^ mm&Umnm of 
ill# light which Mmmtmm It on the ether* This ptoportfou 





The local or proper colour of an object C KSrperfarle) is that which it 
shows m common white light, while the ‘illumination-colour,’ as I have 
translated Liclitfarbe, is that which is produced by coloured light. Thus the 
red of some sandstone rocks seen by common white light is their proper colour, 
that of a snow mountain in the rays of the setting sun is an illumination- 
colour.—Ta* 

. 8 demonstration is more striking if the grey disk is placed on a sheet 
of white paper in diffused light.—T b. 


alone is the expression of a constant property of the object in 
question. r 

Considered theoretically, the task of judging of the colour 
of a'^ body under changing illumination would seem to be im¬ 
possible ; but in practice we soon find that we are able to judge 
of local colour without the least uncertainty or hesitation, and 
under the most different conditions. Tor instance, white paper 
in full moonlight is darker than black satin, in daylight, hut we 
never find any difficulty in recognising the paper as white and 
the satin as black. Indeed, it is much more difficult to satisfy 
.ourselves that a dark object with the sun shining on it reflects 
light of exactly the same colour, and perhaps the same bright¬ 
ness, as a white object in shadow, than that the proper colour 
of a white paper in shadow is the same as that of a sheet of the 
same kind lying close to it in the sunlight. Grey seems to us 
something altogether different from white, and so it is, regarded 
as a proper colour; 1 'roiwanything which only reflects half the 
light it receives must have a different surface from one which 
reflects it all. . And yet the impression upon fjjte retina of a grey 
surface under illumination may be absolutely identical with that 
of a white surface in the shade. Every painter represents a 
white object in shadow by means of grey pigment, and if he has 
correctly imitated nature, it appears pure white. In order to 
convince one’s self of the identity in this respect—ie. as illumi¬ 
nation colours-of grey and white, the following experiment 
may be tried. Cut out a circle in grey paper, and concentrate 
a strong beam of light upon it with a lens, so that the limits of 
the illumination exactly correspond with those of the grey circle. 
It will then he impossible to tell that there is any artificial il- 
lumination at all. The grey looks white. 2 
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We may* assume, and the assumption is justified by certain 
phenomena of contrast, that illumination of the brightest white 
we can produce, gives a true criterion for judging of the darker 
objects in the neighbourhood, since, under ordinary circum- 
9 stances, the brightness of any proper colour diminishes in pro¬ 
portion as the illumination is diminished, or the fatigue of the 
retina increased. 

This relation holds even for extreme degrees of illumination, 
so far as the objective intensity of the light is concerned, but 
not for our sensation. Under illumination so brilliant as to ap¬ 
proach what would be blinding, degrees of brightness of light- 
coloured objects become less and less distinguishable; and, in 
the same way, when the illumination is very feeble, we are un¬ 
able to appreciate slight differences in the amount of light re¬ 
flected by dark objects. The result is that in sunshine local 
colours of moderate brightness approach the brightest, whereas 
?n moonlight they approach the dai^est. The painter utilises 
this difference in order to represent noonday or midnight scenes, 
although picture^which are usually seen in uniform daylight, do 
not really admit of any difference of brightness approaching that 
between sunshine and moonlight. To represent the former, he 
paints the objects of moderate brightness almost as bright as the 
brightest; for the latter, ho makes them almost as dark as the 
darkest. 

The effect is assisted by another difference in the sensation, 
produced by the same actual conditions of light and colour. If 
the* brightness of various colours is equally increased, that of 
red and yellow becomes apparently stronger than that of blue* 
Thus, if we select a red and a blue paper which appear of the 
same brightness in ordinary daylight, the red seems much 
brighter in full sunlight, the blue in moonlight or starlight. 
This peculiarity in our perception is also made use of by 
painters; they make yellow tints predominate when represent¬ 
ing‘landscapes in full sunshine, while every object of a moon¬ 
light scene is^given a shade of blue. But it is not only local 
colour which is thus affected; the same is true of the colours of 
the spectrum. r' ; * * Y *' ’ 
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These examples show very plainly how independent ovr 
judgment of colours is of their actual amount of illumination. 
In the same way, it is scarcely affected by the colour of the 
illumination. "We know, of course, in a general way that 
candle-light is yellowish compared with daylight, hut we only 
learn to appreciate how much the two kinds of illumination 
differ in colour when we bring them together of the same in¬ 
tensity—as, for example, in the experiment of coloured shadows. 
If we admit light from a cloudy sky through a narrow opening 
into a dark room, so that it falls sideways on a horizontal sheet 
of white paper, while candle-light falls on it from the other side, 
and if we then hold a pencil vertically upon the paper, it will 
of course throw two shadows: the one made by the daylight 
will be orange, and looks so; the other made by the candle-light 
is really white, but appears blue by contrast. The blue and the 
orange of the two shac^ws are both colours which we call white, 
when we see them by daylight and candle-light respectively. 
Seen together, they appear as two very different and tolerably 
saturated colours, yet we do not hesitate a morient in recognising 
white paper by candle-light as white, and very different from 
orange. 1 

The most remarkable of this series of facts is that we can 
separate the colour of any transparent medium from that of 
objects seen through it. This is proved by a number of experi¬ 
ments contrived to illustrate the effects of contrast. If we look 
through a green veil at a field of snow, although the light re¬ 
flected from it must really have a greenish tint when it reaches 
our eyes, yet it appears, on the contrary, of a reddish tint, from 
the effect of the indirect after-image of green. So completely 
are we able to separate the light which belongs to the trans¬ 
parent medium from that of the objects seen through it. 2 

The changes of colour in the last two experiments are known 
as phenomena of contrast. They consist in mistakes as to local 

1 This experiment with diffused white day-light may qjso be made with 
moonlight. 

2 A number of similar experiments will be found described in the author’*# 
Ilandbuch derphysiologischen Optik, pp. 398-411. 
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This part of our inquiry hue shown us that the* qualities of ^ 

these sensations can only be regarded mmjmtd certain different 
qualities, which belong sometimes to light iteelf, sometimes to 
the bodies it illuminates, but that there m not a single actual 
quality of the -object® seen which precisely corresponds to our 
sensations of sight* Hay, we have seen that, even regarded m . ' 

signs of real phenomena in the outer world, they do not possuwi 
the one essential requisite of a complete system of signs—-namely* # 

constancy—with anything like completeness; so that all that 
we can say of our sensation of sight i«, that 4 under similar 
conditions, the qualities of this sensation appear in the same 
way for the same objects.' 

Arid yet, in spite of all this imperfection, we have also found 
that by means of so inconstant a system of signs, we are able 
to accomplish the most important part of our tank—to recognise 
the same proper colours wherever they occur; and, omwidering 
the difficulties in the mij, it is surprising how well w© succeed. 

Out of this inconstant system of brightMM mi of odours, 
varying according to the illumination, varying according to the 
fatigue of the retina, varying according loth© part of it affected, 
we are able to determine the proper colour of any object, the 
one constant phenomenon which corresponds to a constant 
quality of its surface; and this w# can do, not after long 
consideration, but by an instantaneous and Involuntary do* 
cision. 

The inaccuracies and i in perfections of the eye as an. optical 
instrument, and those which belong to the image cm the retina, 
now appear ^significant in cotnjmrison with the 
which wo have mot with in the Hold of sensation* On# might 
almost believe that Nature had hare contradicted herself on 
purpose, in order to destroy any dream of a preexisting har¬ 
mony between the outer and the inner world. 

And what programs have we made in our task of explaining * 

Bight! It might man that wear® further off than ever? the 
riddle only more complicated, and test hope that ever of finding 
out the answer* The reader may perhaps feel inclined to 
reproach Science with only toowing how to break up with 
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relations of locality . No other mnm mn i>e compared with the 
eye in this respect. The mmm of touch, it m true, can distiu? 
gukh relations of space, and has the special power of judging 
of all matter within reach, atone© m to misiance, volume,am! 
weight; but th© range of touch is limited, and the distinction 
it can make between small distances is not nearly m accurate 
as that of sight. Yet the sense of touch m sufficient, as experi¬ 
ments upon persons born blind have proved, to develop completo 
notions of space. This proves that the possession of sight is 
not necessary for th© formation of these conceptions, and w© 
shall soon see that w© are continually controlling and correcting 
the notions of locality derived from the eye by the help of tlr.t 
sense of touch, and always accept the impressions on the latter 
sense as decisive. The two senses, which really have the mmm 
task, though with very different mmm of aecxraipi falling it, 
happily supply each other’s def 1 deu. 0 i.ea. Touch i* a trustwortitv 
and experienced servant,*but enjoys only a limited rang®, while 
sight rivals the boldest flights of fancy in penetrating to illimit¬ 
able distances. m 

This combination of the two sensei is of great imf.iortii.iire 
for our present task; for, since wn have hero only to do with 
vision, and mnm touch is sufficient to produce complete mump* 
lions of locality, we may assume these mnmptimm to Im already 
complete, at leant in their general out!in#, and may, eceofdbgly, 
confine our investigation to ftsantoittiitg the common point of 
agreement between the visual ami tactile perceptions of space. 
The question how it is possible for any conception of locality to 
arise from either or both of those semsattiong, wo will leave Mil. 
host. 

It is obvious, from a consideration of well-known iict« f tlmt 
th© distribution of our sensations among nervous structures 
separated from one another dom not at 'till neceenrily bring 
with it the conception that the causes of these sssmttasij* am 
locally separate. For example, we may have mnmtknm of ityic, 
of warmth, of various notes of music, and also ^perhaps of an 
odour, in the same room, and may recognise that ail these agents 
urc aiffused through the air of th© room at Mi© same time, and 










jvxlhout tmy difference of locality. When a compound colour 
falls upon the retina, we am conscious of three uttparafce elameu* 
tary impressions, pndiably conveyed l»y aepumto nerves, without 
any giower of distinguish iti|| them. Wo hear in a note struck 
on it fstringed instrument or in tlm human voice, different tones 
at the an mo lime, one fundamental, and n series of harmonic 
overtone*, which also are probably received hy different nerves, 


odour by their volatile particles ascending into the nostrils from 


parts of the tiervoti* system, am usually completely and in¬ 
separably united in the compound sensation which wm call 

taste. 

Wo doubt, with a little attention it j| poaaihle to aaoerttdn 
the (arts of the body which receive Sneaa sensations, hut* even 
when thaaa am known to lie locally separate, it does not follow 


in the mine way* 
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which follows. Indeed tins conception will vary according to 
circumstances. If wo touch the table with two fingers, and 
feel under each a groin of sand, we suppose that there arc 
two separate grains of sand; but if we place the two fingers 
one against the other, and a grain of sand between them, 
we may have the same sensations of touch in the mmw two 


nerves as before, and yet, under these circuinstances, we supine 
that there is only a single grain. In this case, onr ooiudbaanm 
of the position of the fingers has obviously m influonoo upon 
the result at which tho mind arrives This Is further proved by 
the experiment of crossing two fingers mm over the other ami 
putting a marble between them, when the single object will pro¬ 
duce in the mind the conception of two. 

What, then, is it which comes to help the anatomical die* 
tfnetion in locality between the different sensitive* w»wm f ami 
in cases like those I have mentioned, produces the rnMrn of 
geparotion in spice? liPnttomptmg to mmer this ifiicsilon, 
we cannot avoid a controversy which has not yet Imm decided 

■Cs 

Some physiologists, following the lend of Johannes Muller, 
would answer that the retina or skin, being itself an organ 
which is extended in space, receives impressions which carry 
with them this quality of extension in space; that this concep¬ 
tion of locality is innate; and that impressions derived from 
external objects are transmitted of themselves to corresponding 
local positions in the image produced in the sensitive organ. 
Wo may describe this as the Innate or Intuitive Theory of con¬ 
ceptions of Space. It obviously cuts short all further inquiry 
into the origin of those conceptions, since it regards them m 
something original, inborn, and incapable of further explana¬ 
tion. 

The opposing view was put forth in a more general form by 
tho early English philosopher* of the sensational school—by 
Molyneux, 1 Locke, and Jnrin* Its Application to special 

1 William Molyneux, author of IHoptriea Wmi, wm born In Dublin, im. 
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that we are able to distinguish local differences in the field of 
vision. 

The difference, therefore, between the two opposing views is 
as follows. The Empirical Theory regards the local signs 
(whatever they really may be) as signs the signification of which 
must be learnt, and is actually learnt, in order to arrive at a 
knowledge of the external world. It is not at all necessary to 
suppose any kind of correspondence between these local signs 
and the actual differences of locality which they signify. The 
Innate Theory, on the other hand, supposes that the local signs 
are nothing else than direct conceptions of differences in space as 
such, both in their nature and their magnitude. 

The reader will see how the subject of our present inquiry 
involves the consideration of that far-reaching opposition 
between the system of philosophy which assumes a pre-existing 
harmony of the laws of mental operations with those of the 
outer world, and tlm%stem which attempts to derive fill 
correspondence between mind and matter from the results of 
experience* 

So long as we confine ourselves to the observation of a 
field of two dimensions, tbe individual parts of which offer no, or, 
at any rate, no recognisable, difference in their distances from the 
eye—go long, for instance, as we only look at the sky and distant 
parts of the landscape, both the above theories practically offer 
an equally good explanation of the way in which we form con¬ 
ceptions of local relations in the field of \isioa. The extension 
of the retinal image corresponds to the extension of the actual 
image presented by the objects before us; or, at all events, there 
are no incongruities which may not be reconciled with tbe Innate 
Theory of sight without any very difficult assumptions or 
explanations. 

The first of these incongruities is that in the retinal picture 
thfe top and bottom and the right and left of the actual linage 
are inverted. This is seen in Fig. 30 to result from the rays of 
light crossing as they enter; the pupil the point a is the retinal 
inuive of A, b of B. This has always been a difficulty in the theory 
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of vision, and many hypuihcKoahuve been invented to explain it. 
two of these have survived. W© may, with Johannes Muller, 
regard the conception of upjier and lower as only a relative 
distinction* so far ns sight is concerned—that is,as only affecting 
the relation of the cine to the other; and wo must further sup* 
pose that I ho fooling of corrospondonce tatween what is upper 
in the sense of sight and in the sense of touch is only acquired 
by experience, when wo we the hand*, which feed, moving in 
the field of vbion. Or, secondly, wo may amune with Kick 1 
that, since all impressions upon the retina mmt be conveyed to 
the brain in order to be there jierceivedj the nerves of night ami 
those of feeling are so arranged in the brain as to produce a 
eorres)>ond«7nce between the notion they suggest of upper and 
under, right ant! left. This supposition has, however, no pre¬ 
tence of any anatomical facia to support it. 

The second difficulty for the Intuitive Theory Is that* while 
sfe liave two retinal pictures, wo do n<*HR© double, This diffi¬ 
culty wan met by the assumption that both retime when they 
are excited prodttgp only a ainglu nemtution in the brain, and 
that the several points of each retina correspond with each 
other, no that each pair of corresponding or 1 identical 9 points 
produces the mmmtim of a single mm Now these i#an actual 
anatomical arriingtwitl which might perhaps *nj>|x>rt this 
hypothesis. Tim two optio mrwm emm lifort luitoring the 
brain, and thus become united# Pathological make 

it probable that the nerve fibres from the right-hand titlvue of 
both retinas pace to the right ««vbral hemisphere, these from 
the left halve* to the left hemisphere.* But although mm* 
•ponding nerve fibres would thus be brought close together, it 
hm not yet hmm shown that they actually unite in Urn 
brain* 


* badwif 7M, fete Tmfmmf ef MidMae la tbs University at Marbsqa 
U* ht*4hm ef Fret, AMf Flrk, ef Eirlcb. 

* »sy mmpmm ib« mmmgtmmui In that ef tbs rein* eft pair of bortn s 

fist font* fit#®! mfc ## task epils nerv# srwm, m that ftboss which rtm to th« 
right hnif M tkn hmm art tit eater fkhtm ef the right and the imiftr ef tht I«ft 
causa, wbik ftwf «Mdi raa te Hi# lift oan&ral *m ilm mtm 


1 

I 



its relation to the a!most unchanged position of the retina! 
picture. We thus learn what impression th® same object make* 


picture, passing over the retina as the eye turns, k like a pair 
of compasses which we move over a drawing In older to measure 
its parts. Even if the ‘local signs' of sensation were quite* 
arbitrary, thrown together without any systematicarraikgssiifiiit 
(a supposition which 1 regard m improbable), it would *1111 ha 
possible by means of the movement* of the band and of the eye, 
as just described, to ascertain which signs go together md which 
correspond in different regions of ilia retina to points at similar 
distances in the two dimension* of th® Mi of vision* This m 
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in accordance with experiments by Fechner, 1 Volkmann, 2 and 
myself, which, prove that even the fully developed eye of an 
adult can only accurately compare the size of those lines or 
m angles in the field of vision, the images of which can he thrown 
one after another upon precisely the same spot of the retina by 
means of the ordinary movements of the eye. 

Moreover, we may convince ourselves by a simple experi¬ 
ment that the harmonious results of the perceptions of feeling 
and of sight depend, even in the adult, ‘upon a constant com¬ 
parison of the two, by means of the retinal pictures of our hands 
as they move. If we put on a pair of spectacles with prismatic 
glasses, the two flat surfaces of which converge towards the 
right, all objects appear to he moved over to the right. If we 
now try to touch anything we see, taking care to shut the eyes 
before the hand appears in sight, it passes to the right of the 
object; hut if we follow the moveme nt o f the hand with the 
eye, we are able to touch what we intencljry bringing the retinal 
image of the hand up to that of the object. Again, if we handle 
the object for one#or two minutes, watching it all the time, a 
fresh correspondence is formed between the eye and the hand, in 
spite of the deceptive glass, so that we are now able to touch 
the object with perfect certainty, even when the eyes are shut. 
And we can even do the same with the other hand without see¬ 
ing it, which proves that it is not the perception of touch which 
has been rectified by comparison with the false retinal images, 
hut, on the contrary, the perception of sight, which has been 
corrected by that of touch. But, again, if, after trying this ex¬ 
periment several times, we take off the spectacles and then look 
at any object, taking care not to bring our hands into the held of 
vision, and now try to touch it with our eyes shut, the hand 
will pass beyond it on the opposite side—that is, to the left. 
The new harmony which was established between the percep- 

1 (justar Theodor Fechner, author of Elemente der Psychoplysih, 1860; also 
know as a satirist^—•'Flu 

2 Alfred Wilhelm Yolkinann, successively Professor of Physiology at Leipzig, 
Dorpat, and Halle; author of Phynologhche ZJntenuchungen im Gebictc der 
Optik, 1864, &c.—T r. 







to fresh mistakes when the normal conditions are tesiored. 

In preparing objects with needles under a com poem! mtcrr>« 
scop©, we must learn to harmonise the inverted tnicrcwcopim! 
image with our muscular sense; ami we hare to get over a 
similar difficulty in ahaving before a looking-glass, which changes 
right to left. 


These instances, in which Ilia imago preaeniad in the two 


l>etween the two opposite theories* ami acoctdiogly this depart¬ 
ment of our subject—the explanation of mr Pereeption of 
Solidity or Depth in the field of vision, and that of binoeular 
vision on which the former childly depends— has for many years 
become the field of much investigation and no llttls controversy* 
Ami no wonder, tor we have already learned enough to see 
that the questions which have here to be decided are of fttada* 
mental importance, not only forth# physiology of right, hut for ft 
correct imdorstanding of the true nature and limits of human 
knowledge generally. 

Each of our ayes projects a plane image upon its own retim 
However wo may suppose the conducting nerves to bt arrastged, 
the two retinal image* when united in the tmrin cun only 
reappear as a plane image. But instead of tlw two plane 
retinal images, we find that the actual impnmdm on our mind 
is & solid image of three dittenrikms* Her®, again, as m it m 
system of colours, the outer world Is richer than our mmmlkrnt 
by one dimension } but In this mm tbit sonoeption formed by 
tim mind complexly wpmmmM the reality of the outer world# 
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It is important to remember that thin perception of depth in 
fully m vivid, direct, and exact m that of the piano dimensions 
of tim Held of vision, if a man takes a leap from om rock to 
another, his life depends just m much upon his rightly estimat¬ 
ing the distance of the rock on which ho is to alight, as upon 
his not tubjuJging its {position, right or left; and, as a matter 
of experience, wo find that wo om do the mm just ns quickly 


At the outset of the inquiry wo must lnmr in mind that the 
perception of the solid form of objects ami of their relative 
distance from m fa not quite absent, even when wo look at 
them with only one eye and without changing our position. 
|£cjw the meets* which we possess in this case are just the same 
si those which the painter mm mtpfffy in order to give the 
figures on his canvas the ttppear&noe of luring solid objects, and 


of bringing In figures of mm end cattle, because, by help of 
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surfaces; and thin m sufficient to supply what th© drawing do©* 
not directly show. Moreover, in the aim of figures of men 
or animals, our knowledge that the two sides are symmetrical 
further assists the impression conveyed. 

But objects of unknown and irregular shap, as rocks or 
masses of • ice, baffle the skill of the most consummate artist; 
and even their representation in the most complete and porfi'ct 
manner possible, by means of photography, often shows nothing 
but a confused mass of black and white. Yet, when we have 
these objects in reality before our eyes, a single glance bn enough 
for us to recognise their form. 

The first who clearly showed in what point* it is itnpomdblo 
for any picture to represent actual object® was the great master 
of painting, Leonardo da Vinci, 1 who was almost a* distinguished 
in natural philosophy m mart. He pointed out In his Trattato 
della Pittura, that the views of the outer world prasntsd by 
each of our eyes are nd^pnviwdy the mxm* Rich eye %mm in 
its retinal image a perspective view of the objects which lie be¬ 
fore it ; but, inasmuch as it occupies a somewha^difemit potilbn 
in space from the other, its point of view, and so its whole per¬ 
spective image, is different. If I hold up toy finger and look at 
it first with the right and then with the left eye, it. covers, in the 
picture seen by the latter, a part of the opposite wall of the 
room which is more to the right than in the picture seen by the 
right eye. If I hold up my right hand with the thumb towards 
me, I see with the right eye more of the back of the hand, with 
the left more of the palm; and the same ofefc k produced when¬ 
ever we look at bodies of which the several parts art iidlfib*t§i 
distances from our eym. But when I look at a hand fopw- 
seated in the same position in a painting, the right eys will mm 
exactly the same figure m the loft, and just as much of either 
the palm or the back of it Thus w© nm that actual solid objects 

1 Rem at Vlad, n«ar Fkwaoe, list $ dial at Chwx, mm AmteSan, tftio. 
Mr. Ilallam says <*t hli writings, that tfewy m * mar# IJko rmtaSmaa 

ef physical troths vouehnafad to a ingle »W, linn the MpaiitnMiitr* of H« 
wmwting ttfam my mMIMml teak, .. . II# $#it kid tU wo Vm grind 
prlaatpJi of Bacon, that rxperimfmt and mm Im I ho goidM to j*at 

Umry m ths investigation of satwre.*—Ta, 







I Tiir. pKBrr.mojr or wont. * *» 

i M . wn | different picture* to the two cym, *hi!o a {Minting 
litow# only th* »un*. I ienw- f»lt«w« a difTiwmco in tho irepr**- 
won minin' upon the right which lb* otmual perfection inn w> 
praacnUtiun on a tint aurfam ramnot supply. 

Tiw chwnwt proof that awing with two oy*w, and tbn diflc- 
muon of tlio pictures pmaumted by each, cnti'litMla the moat no* 
jmriftMt rtiuw df our p«wplion of a third dlmwudon in tin* 
field of virion, h*u» been furnished by Winwtwin*’* invention of 
the af4*mM*mpo.* i tony anatitno that tbit iiwlniwwil and the 
peculiar iliurion which It produces am wall known. By it* 
help wo am tho solid aba|* of the objects mpreactitod »» *b» 
stereoaeopic alula, with the mmn compMo evidence of tha senses 
with which wn should b*ok at the rnal object* iherowdvoa, 
Tliia ilhirion ia produced by pmarnting aomewbat different 
picture* to the two eyes—to the right, one which rcj.macnU the 
object in perspective as it would appear Jo that eye, and to the 
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saw the picture g in the mirror b, while the left saw the pictwi 

k in the mirror a. . ■ 

A more convenient instrument, though it does not give 

Flo. 35. 


sharply defined effects, is the ordinaty itereoeoope of Brewster .* 
shown in Fig. 36. Here the two pictures are placed on the 
same slide and kid in the lower part of the «et»osoop#, which 


is divided by a partition a. Two allghtly priwnaCie glaaaea with 
' Sir Dnviil Bratnur, Piatewur of MaOwmatki at IWlniaifst. two WM, 
d»l 180 ^-Tr. 
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I convex surfaces are fixed at the top of the instrument which 
show the pictures somewhat further off, somewhat magnified, 
and at the same time overlapping each other, so that both appear 
to be in the middle of the instrument. The section of the 
double eye-piece shown in Fig. 37 exhibits the position and 
shape of the right and left prisms. Thus both pictures are 
apparently brought to the same spot, find each eye sees only 
the one which belongs to it. 

The illusion produced by the stereoscope is most obvious 
and striking when other means of recognising the form of an 
object fail. This is the case with geometrical outlines of solid 
figures, such as diagrams of crystals, and also with representa¬ 
tions of irregular objects, especially when they are transparent, 



so that the shadows do not fall as we are accustomed to see 
them in opaque # objects. Thus glaciers in stereoscopic photo¬ 
graphs often appear to the unassisted eye an incomprehensible 
chaos of black and white, but when seen through a stereoscope 
the clear transparent ice, with its fissures and polished sui faces, 
comes out as if it were real. It has often happened that when 
I have seen for the first time buildings, cities or landscapes, 
with which I was familiar from stereoscopic pictures, they 
seemed familiar to me ; but I never experienced this impression 
after seeing any number of ordinary pictures, because these 
so imperfectly represent the real effect upon the senses. 

The accuracy of the stereoscope is no less wonderful. Dove 1 
has contrived an ingenious illustration of this. Take two pieces 
of paper printed with the same type, or from the same copper¬ 
plate, and hence exactly alike, and put them in the stereoscope 

k Heinrich Wilhelm Dove, Professor in the University of Berlin, author of 
Ojptische Studien (1859); also eminent for his researches in meteorology and 
electricity. * 

His paper, Amcendung des Stereoskops um falsches von echtem Papiergeld zu 
unterscheUUn, was published in 1859 .—Tb. 
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in place of the two ordinary photographs. They will then unite 
into a single completely flat image, because, at we have seen 
above, the two retinal images of a flat picture are identical. 
But no human skill in able to copy the letter*of one copprpbtla 


between them. If, therefore, we print off the name 


different specimens of the same typo, ami put the tw 


nomo further off than the rest. This in the easiest way • i 


it is then at once seen whether all the marks in the combine*! 
image appear on the same plane. This experiment I* also im¬ 
portant for the theory of vision, since it teaches n* in a mo»t 
striking manner how vWld, sure, and minute in our judgment 
• ' d 


We. now come to the question how is it possible for two 
different flat perspective images upon the retina, each of them 


solid image of three dimensions. 

Wo must first make sure that we are really able to distingnisl 
between the two flat images offered its by our eyes. If I hob! 
my finger up and look towards the opposite wall, it covers * 
different part of the wall to each eye, as I mentioned above 












1 


, ^ TiiR ntnrrmnx «nrrr» »»*» 

orison! way of amuig Hung* ; and hitherto m«rt 
%i,t» JimVf! it «• th„ kin.l of vWon whirl. r.*i»lu 

directly from sensation, while they h»*« on 

tolid vision m n accomlary way *<f *«on* Hung*. win. H lm* to •*> 
* learned a* the mult of r*|a*ri«mrw. Hut every draughtsman 
know* bow much harder i« i* t«« appreciate the njijiwren: Iwtu 
in which object* *ppMir m tin- field «f »*»>«.»., and i*» »»*«w«»r»> 
the angular dhtnoct, between them, limn to rw^nme -bat i* 
their art uni form anil cumpanilivo si***- In f* rt . the knowledge 
of the trim relation* of surrounding objects of *hWi lire »r«i»* 
cwmot direst biomdf. in hr* greatest diflUully in drawing from 


nature. 

Accordingly, if we hnk at th« Add of vW»m with faith 
eyre, In Urn way an artist drew. Haiti# »ur attention upon tb* 
outline*, as they would appear if pnijietal on » pan* >4 glare 
1*4wren m and thorn, we then terom* at wow aware «f th* 
‘difference hetwren tfa» two retinal iu.Ip* We sew llrere 
double which lb farther off or nearer than the point at whirls 
we are looking, «id are n»l too far removed ben it fafewwlly to 
admit of their portion hotaf mt&dmiif mm At Amt wo m 
only rasagnw* doohlo tang** of «#wta afc tuny dMfarewl db 
team from tha*ya, hut hy pw*tb* Huy will ho noon with 
otyretaat nrerly UwonomdUlitBiw. 

All there phenomena, and «thm Ilk# tire**, of doahb ImagM 
of object* awn with tsoth mym, may ho redored to a bmpfa role 
which wn* laid down hy Johanna* Ifftlbr t—* for anufc paint of 
ouc retina there b on the other a eumxfwmiimg point.* la tire 
ordinary Hat fold of vision pnwentdl by tho twotyre, the itmgm 
me;we,l byoorrrepooding point* nan ml* coincide, while Mnao*<* 
received by thorn which do not r om w pon d do not ewinctrfa Ths 
cor re wp on ding point* in meh retina (without noticing *Mghl *b 
viaik.Oft) are thorn* whkh are nitoatod at th* mtm laterel and 
mnthsal dfatano* from the point of tfca retina at which ray* of 
light rente to a fesma whan w« fix tire wfm for aoart vhduti, naotefy 
th* yellow *pgjk 

Tha read** will remember that th* intalUvo theory of thdan 
of MMi IlKMlJifet# ggf llwaf t f 
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which arc excited by impression* upon corretpan Uny, 
Muller culls them, ‘identical’ point*. This mi|'j«o*»ti 


fibres which arise from corresponding points of the t 
actually unite so as to form a single fibre, either at 
roinsure of the optic nerves or in the brain itself. I i 
ever, remark that Johannes Muller did not definite 


its possibility. He wished his law of identical points t* 
garded simply m an expression of facts, and only insist 
the position in the field of vision of the images they n 


combine them into a single view; a staking contrast to tw> ***• 
iraord inary precision with which, as Dove has shown, we ran 
judge of stereoscopic relSW. Yet the latter power depends upon 
the same differences between the two retinal pictures which 


half of ft stereoscopic photograph, which suffices to pml 
most striking effect of solidity, must lie increased twi 
thirty-fold before it can be recognised in the products 
double image, even if we suppose the most careful obae 
by one who is well practised in the experiment. 

Again, there are n number of other circumstance* 
make the recognition of double images either easy or 4 
The most atrikiug instance of the hitter is the effect« 
The more vivid the impression of solidity, the more diffi 
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li cur sensation depended upon any anatomical arrangement of 
the conducting nerves. 

Aga in , after the invention of the stereoscope, a fresh difficulty 
arose in explaining our perceptions of solidity by the differences 
between the two retinal images. First, Brucke 1 called attention 
to a series of facts which apparently made it possible to reconcile 
the new phenomena discovered with the theory of the innate 
identity of the sensations conveyed by the two retinas. If we 
carefully follow the way in which we look at stereoscopic pic¬ 
tures or at real objects, we notice that the eye follows the dif¬ 
ferent outlines one after another, so that we see the ‘ fixed point' 
at each moment single, while the other points appear double. 
But, usually, our attention is concentrated upon the fixed point, 
and we observe the double images so little that to many people 
they area new and surprising phenomenon when first pointed out. 
Now since in following the outlines of these pictures, or of an 
actual image, we move the eyes uneqffKlly this way and that, 
sometimes they converge, and sometimes diverge, according as 
we look at point%of the outline which are apparently nearer or 
further off; and these differences in movement may give rise to 
the impression of different degrees of distance of the several 
lines. 

Now it is quite true, that by this movement of the eye 
while looking at stereoscopic outlines, we gain a much more 
clear and exact image of the raised surface they represent, than 
if we fix our attention upon a single point. Perhaps the simple 
reason is that when we move the eyes we look at every point of 
the figure in succession directly , and therefore see it much more 
sharply defined than when we see only one point directly and 
the others indirectly. But Brucke’s hypothesis, that the per¬ 


ception of solidity is only produced by this movement of the 
eyes, was disproved by experiments made by Dove, which showed 
that the peculiar illusion of stereoscopic pictures is also produced 
when they are illuminated with an electric spark. The light 
then lasts for Jess than the four thousandth part of a second. 
In this time heavy bodies move so little, even at great velocities, 
l Professor of Physiology in the University of Yienna. 
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that they seem to be at rat. Hence there cannot U' tin 
slightest movement of the eye, while the spark lust*, which 
can possibly he recognised; and yet wo receive tlio complete 
impression of stereoscopic relief. 

Secondly, such a combination of the sensations of the t wo 
eyes as the anatomical hypothesis assumes, is proved not to 
exist by the phenomenon of itmomxtpie luttrt, which was also 
discovered by Dove. If the same surface is made white in one 
stereoscopic picture and black in another, the combined image 
appears to shine, though the paper itself is quite dull. Hterro* 
scopic drawings of crystals are made so that one shows white 
lines on a black ground, and the other black lines on a white 
ground. When looked at through a stereoscope they give the 
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one or the other appears -usually change after a few seconds 
But if the engraving presents anywhere in the field of vision n 
uniform white or black surface, then the printed letters which 
occupy the same position in the jmage presented to the other ^ 
eye, will usually prevail exclusively over the uniform surface of f- 
the engraving. In spite, however, of what former observers 
have said to the contrary, I maintain that it is possible for the 
observer at any moment to control this rivalry by voluntary 
direction of his attention. If he tries to read the printed sheet, 
the letters remain visible, at least at the spot where for the mo¬ 
ment he is reading. If, on the contrary, he tries to follow the 
outline and shadows of the engraving, then these prevail. I 
find, moreover, that it is possible to fix the attention upon a 
very feebly illuminated object, and make it prevail over a much 
brighter one, which coincides with it in the retinal image of the 
other eye. Thus, I can follow the watermarks of a white piece 
of paper and cease to me strongly-marked black figures in the 
other field. Hence the retinal rivalry is not a trial of strength 
between two sensations, but depends upon our fixing or failing 
to fix the attention. Indeed there is scarcely any phenomenon 
so well fitted for the study of the causes which are capable of 
determining the attention. It is not enough to form the 
conscious intention of seeing first with one eye and then with 
the other; we must form as clear a notion as possible of what 
we expect to see. Then it will actually appear. If, on the 
other hand, we leave the mind at liberty without a fixed inten¬ 
tion to observe a definite object, that alternation between the 
two pictures ensues which is called retinal rivalry. In this 
case, we find that, as a rule, bright and strongly markedpbjects 
in one field of vision prevail over those which are darker and 
less distinct in the other, either completely or at least fora time. 

We may vary this experiment by using a pair of spectacles 
with different coloured glasses. We shall then find', on looking 
at the same objects with both eyes at once, that there ensues a 
similar rivalry between the two colours. Everything appears 
spotted over first with one and then with the other. After a 
time, however, the vividness of both colours becomes weakened, 
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jirtly by tli<; elements of the retina which are affected by each 
cf them l«ing tired, and partly by the complementary after- 
which result. The alternation then mttm, and there 
ensues a kind of mixture of the two original colours. 

It is much more difficult to fix the attention upon a colour 
than upon such an object as an engraving. For the attention 
ujxm which, as we have aeon, the whole phenomenon of ‘ rivalry' 
depends, fixes itself with constancy only ujwn such a picture us 
continually offers something new for the eye to follow. But wo 
may assist this by reflecting on the side of the glasses next the 
vyo letters or other lines upon which the attention can fix. 
These reflected images themselves are not coloured, but ns soon 
as the attention is fixed upon one of them wo become conscious 
of the colour of the corresponding glass. 

These experiments on the rivalry of colours have given rise 
to^a singular controversy among the best observers; and the 
possibility of such difference of opiuionT is an instructive hint 
ns to the nature of the phenomenon itselh One party, includ¬ 
ing the names of IJpve, Ifognault, 1 Briicke, Ludwig,* p ttum s 
and Bering, 4 maintains that the result of a binocular view of 
t wo colours U the true com lunation -colour. Other observers ns 
Heinrich Meyer of Zurich, Volkmaan, Meissner,* and Funk’o* 
declare quit# as positively that, coder these conditions, they 
have never seen the combinatioo-colonr. I myself entirely agree) 
with the latter, and a careful examination of the east* in which 
I might have imagined that I saw the combination-colour 1ms 
always proved to me that it was the result of phenomena of 
contrast. Each time that I brought the true combination-colour 
ride by.sido with the binocular mixture of colours, the diffe- 
reucc between tbe two was vety apparent. On the other hand, 


1 ' f h* dUtiognlstad Frvneb chemist, fatter of tte well-known winter who 
Wi* killetl I n tbc atonnd tkjp of Park, 

* I'tofta** of physiology in tbs Unlvsrslty of Leipzig. 

8 P*f«wr of Physiology in lbs Unlvsraity of Kiel. 

* KwsU Hsriiut. Professor of Physiology ] B tb 0 University of Pram a 

lately in the Jowpllsksrtoulo of Visnns. J S 4 

* Pnofiweor of Physiology In (he University of (iSttingen. 

* fntmm ef Wy di l ogy in tte University of Freiburg,—Tn, 
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there am of course be no doubt that the observers f first mm*i 
really saw what they profess, so that there mint hew In? gtvl 


Dove recommendsaijmrticularly well fitted to prove the mm v 
turn of his conolunion, such m the binocular combination # 
complementary polarisation-coloiirit into white, I ccm I cl nc 
myself wm the slightest time® of a cotnhination-colour* 

This striking difference in a comparatively simple olmervi 
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jfkf 0 'p tIlol,t an ^ attempt at analysis, or whether the observed 
m able by practice to recognise the parts of which it is composed, 
and to separate them from one another. The former is onr 
usual (though not constant) habit when looking with one eye, 
while we are more inclined to the latter when using both. But 
inasmuch as this inclination must chiefly depend upon practice 
in observing distinctions, gained by preceding observation, it is 
cany to understand how great individual peculiarities may arise. 

If wo carefully observe the rivalry which ensues when we 
try to combine two stereoscopic drawings, one of which is in 
b uck lines on a white ground and the other in white lines on 
black, wo shall see that the white and black linos which affect 
nearly coiTcsjionding points of each retina always remain visible 
side by side—an effect which of course implies that the white 
and black grounds are also visible. By this means the brilliant 
surface, winch seems to shine like black lead, makes a much 
more stable impression than that produced under the operation 
of retinal rivalry by entirely different drawings. If we cover 
the lower half ofjffio white figure on a Mack ground with a 
shmt of printed paper, the upper half of the combined steroo- 
««>p»c image shows the phenomenon of Lustre, while j„ the 
oww wo see Retinal Rivalry tower® the black lines of the 
fiStti • anti the black marks of the tyjw*. As long ns tho otworver 
attend* to tho mltd form of the ohjfefc tho bhieh 

mtd white outline# of the two #t©roo#oopio drawings mm cm in 
common the point of exact vision as it moves along them, arid 
tb« effect can only bo kept up by continuing to follow both. 
He must steadily keep his attention upon both drawings, and 
fie ri Hg? impression of each will be equally combined. Timm 
“ n ". ,M,! u ' r wa y of preserving the oombinc.1 effect of two stereo- 
simple pictures than this. Indeed it it possible to combine (at 
least partially and f«.r a short time) two entirely different draw¬ 
ings When put into the sterooeoope, by fixing the attention upon 
the way In which they cover each other, watching, for instance, 
the angles at ffaich their Hues cross. But m soon m the 
attention turns from the angle to follow one of the lines which 
make* it, the picture to which the other line belongs vanishes 


; 


r 



external world of which wis aro conscious m ordinary vision m 


or at least nearly complete, coincidence m to looutetioxi m tho 
Held of vision of impmmwm of right received from eommp&tiA* 


If this wlnd&mm wmm th# mult of a direct function of 
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Let tm now put together the results to which our eru|mff 
into binocular vision has lad tm, 

1 The excitement of oormponding points of the two 
retinas in not indistingmshably combined into a single impreci¬ 
sion for, if it ware, it would be impossible to see Htcrattcopie 
Lustre. And we have found reason to believe that this effect 
is not a consequence of Retinal Rivalry, even if we admit the 
latter phenomenon it 
to the degree of attei 
luati* is awodatod w 
IL The sensation 
corresponding points 
the same; for otharv 
the tm© from the h 
stereoscopic pictures 
IIL Theoombini 
from corresponding 
them being mppem 
perception of solidly 
being at the same ti 

and, in the second, this perception of solidity » independent of 
anv movement of th 










^*n«tAtion f ifc could not# be disturbed by the nnoutel 0|i©r®,t 
whitsh refers the two impressions to the name object. But 


turn of tho corresponding pictures received from the two eye# 
depends tijwri the jniwer of measuring distance# ut sight which 
we gain l.y experience--that is, on an acquired knowledge of tho 
meaning of tho ‘ signs of localisation.’ In this caso it is simply 
one kind of experience opposing another; and wo can thou 
understand how tho conclusion that two images Iwlorig to the 
wane object should influence our estimation of their relative 
jswitkm by the measuring power of the eye, and how in conse¬ 
quence the distance of tho two images from the fixed point in 
the field of vision should be regarded as the same, although it 
is not exactly so in reality. 

But if the practical coincidence of corresponding points as 
ip localisation in tho two holds of vision dins not depend upon 
sensation, it follows that the original power of comparing 
different distances in each separate field of vision cannot depend 


coincide with the corresponding one of the ot her. 

The reader sees how this series of facto has driven 


os our [x'recptton ot solidity and the phen imena of single and 
double binocular vision by the assumption of some ready-ramie 


Ii#ji ci * it would lend n§ too far into cloteiii* Although many of 
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lot lead to any contradiction, is that of the Empirical Theory, 
which regards all our perceptions of space as depending upon 
experience, and not only the qualities, but even the local signs 
of the sense of sight as nothing more than signs, the meaning 
of which we have to learn by experience. 

We become acquainted with their meaning by comparing 
them with the result of. our own movements, with the changes 
which we thus produce in the outer world. The infant first begins 
to play with its hands. There is a time when it does not know 
how to turn its eyes or its hands to an object which attracts its 
attention by its brightness or colour. When a little older, a 
child seizes whatever is presented to it, turns it over and over 
again, looks at it, touches it, and puts it in his mouth. The 
simplest objects are what a child likes best, and he always 
prefers the most primitive toy to the elaborate inventions of 
modern ingenuity. After he has looked at such a toy every 
day for weeks together, he learns at last all the perspective 
images which it presents; then he throws it away and wants a 
fresh toy to handie like the first. 33y this means the child 
learns to recognise the different views which the same object 
can afford in connection with the movements which he is con¬ 
stantly giving it. The conception of the shape of any object, 
gained in this manner, is the result of associating all these 
visual images. When we have obtained an accurate conception 
of the form of any object, we are then able to imagine what 
appearance it would present if we looked at it from some other 
point of view. All these different views are combined in the 
judgment we form as to the dimensions and shape of an object. 
And, consequently, when we are once acquainted with this, we 
can deduce from it the various images it would present to the 
sight when seen from different points of view, and the various 
movements which we should have to impress upon it in order 
to obtain these successive images. 

have often noticed a striking instance of what I have been 
saying in looking at stereoscopic pictures. If, for example, we 
look at elaborate outlines of complicated crystalline forms, it is 
often at first difficult to see what they mean., When this is the 
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case, I look out two points in the diagram which coxrz?&&l* oui % 
and make them overlap by a voluntary movement of 
But as long as I have not made out what kind of form the dr^ vl5f1 ^ s 
are intended to represent, I find that my eyes begin to cl I 
again, and the two points no longer coincide. Then. X 'ti’V f* 1 
follow the different lines of the figure, and suddenly I soo wlmt 
the form represented is. From that moment my two P 

over the outlines of the apparently solid body with tb.o ia 4> ******* 
ease, and without ever separating. As soon as we have 
a correct notion of the shape of an object, we have tho 
the movements of the eyes which are necessary for 
In carrying out these movements, and thus receiving the vintuit 
impressions we expect, we retranslate the notion we havo Xortiwt 
into reality, and by finding this retranslation agrees ■w r it l;i fcbc 
original, we become convinced of the accuracy of oox~ CKHi- 
ception. + 

This last point is, I believe, of great importance. The XJOCtftfl* 
ing we assign to our sensations depends upon experiments Mkd 
not upon mere observation of what takes plac® around ns- W# 
learn by experiment that the correspondence between two pro¬ 
cesses takes place at any moment that we choose, and uncle* i m con¬ 
ditions which we can alter as we choose. Mere observation 
would not give us the same certainty, even though often arepHGMtml 
under different conditions. For we should thus only lerurn fJmi 
the processes in question appear together frequently (or crv«*f* 
always, as far as our experience goes); but mere observetlori 
would not teach us that they appear together at any moment mm 
select. 

Even in considering examples of scientific obsearl^C itm » 
methodically carried out, as in astronomy, meteorology* 
geology, we never feel fully convinced of the causes of tJift 
phenomena observed until we can demonstrate the worfeiaaer of 
these same forces by actual experiment in the laboratory. So 
long as science is not experimental it does not teach us ttxo l&i&ow* 
ledge of any new force. 1 a 

t 1 An interesting paper, applying this view of the * experimental ’ cslmity -urn** 
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I It is plain that, by the experience which we collect in the 
*n r ay I have been describing, we are able to learn as much cf the 
meaning of sensible ‘ signs’ as can afterwards be verified by 
further experience; that is to say, all that is real and positive in 
our conceptions. 

It has been hitherto supposed that the sense of toicch confers 
the notion of space and movement. At first, of course, the only 
direct knowledge we acquire is that we can produce by an act 
of volition, changes of which we are cognisant by means of touch 
and sight. Most of these voluntary changes are movements, or 
changes in the relations of space; hut we can also produce 
changes in an object itself. Now, can we recognise the move¬ 
ments of our hands and eyes as changes in the relations of space 
without knowing it beforehand 1 and can we distinguish them 
from other changes which affect the properties of external 
objects ? I believe we can. It is an essentially distinct cha¬ 
racter of the relations of Space that they are changeable relco- 
tions between objects which do not depend on their quality 
or quantity , white all other material relations between objects 
depend upon their properties. The perceptions of sight prove 
this directly and easily. A movement of the eye which 
causes the retinal image to shift its place upon the retina always 
produces the same series of changes as often as it is repeated, 
whatever objects the field of vision may contain. The effect is 
th&t the impressions which had before the local signs a 0 , a u a 2 , 
a z , receive the new local signs b 0 , b l9 b 2 ,b 3 , and this may always 
occur in the same way, whatever be the quality of the impres¬ 
sions. By this means we learn to recognise such changes as 
belonging to the special phenomena which we call changes in 
space. This is enough for the object of Empirical Philosophy* 
and we need not further enter upon a discussion of the 
question, how much of universal conceptions of space is de¬ 
rived a priori, and how much a posteriori. 1 

of progressive science to Zoology, has been published by M. Lacaze DutMers, 
in the first number of his Archives de Zoologie. —Tit. 

1 The question of the origin of our conceptions of space is discussed by Mr. 
Bain on empirical principles in his treatise on The Senses and the Intellect , pp. 
114-118, 189-194, 245* 868-892, &c.—T r. # 
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An objection to the Empirical Theory of Vision might h 
found in the fact that illusions of the serines are jamsibk; fur i 
we have karat the meaning of our senaatioim (mm experienc* 
they ought always to agree with experience, Thu expbwatioi 
of the iKmihility of ilhnioiiK lies in the fact that we trim* 
for the notions of external objects, which would he come 
under normal eruditions, to eases in which timmutil vmmm 
stances have altered the retinal piciutm What I call 4 olaier 


with one eye only, imgnhr position of the eyebdl from «» 
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bringing the him «f »oy «-f *h<* |*i**ilde i«t«e|it*t*tba»* ' wi> 
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which arc not capable of direct verbal expression, For instance 
when we say that we * know f 1 a man, a mail, a fruit, n |x?rfumef 
we mean that we have seen, or tasted, or smelt, these objects. 
We keep the sensible impression fast in our memory, and we 
shall recognise it again when it is repeated, but we cannot 
describe the impression in words, even to ounadvc*. And yet 
it is certain that this kind of knowledge (Kenmn) may attain 
the highest possible degree of precision and certainty v and is m• 
far not inferior to any knowledge (Wu$m) which can lie re¬ 
pressed in words; but it is not directly oommuntaible» unless 
the object in question can bo brought actually forward, or the 
impression it produces can be otherwise reprssentod —m by 
drawing the portrait of a man instead of producing the man 
himself. 

It k an important part of the former kind of knowledge to 
be acquainted with the particular innervaties* of mBacks, which 

is necessary in order to produce any effect wo Intend by moving 

our limbs. As children, we must loam to walk; w# mmt 
afterwards loam how to skate or go on stilly how to ride, or 
swim, or sing, or pronounce a foreign language, Moreover, 
observation of infants shows that they ha?© to liam a number 
of things which afterwards they will know so wed! as entirely 
to forget that there was ever a time when they wet-© ignorant 
of them. For example, every mm of ns had to leant, when an 
infant, how to turn hk ©yes toward the light in order to see. 
This kind of * knowledge 1 {Kmnm) we also call * bring able* to 
do a thing (kdnnm), or * understanding * how to do It (eerfis&m), 
as, * I know how to ride/ 1 1 urn able to *18#/ or * I updtmtand 
how to ride/ f m 

It is important to notice that this 1 knowledge 1 of the ©Sort 
of the will to be exerted most attain the highest possible degree 

* la German this kind fif kftewtedft Is mpmmA % tbe mtb kmmm (*®f* 
i mmm t mmmtUrt), m be eeqaalntad with, white whies (ate, mmdr% mmm 
to to mum of. Tim farmr kind of kiiowMp Is e»ly tpfdtesbte to styeei* 

oofsteshie by ike sdomm, whmmm ttet latter sprite to miim® m mm* 
itp ilcsii wbieh esn be tonally *tato4 m ppsttisa^Ta 

* 11«i German word Mmtm h said to beef the mm erysiefogy e» Immmk 
sad m their Hkumtm In term would be eapteteed by tMr iik^w is 
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of certainty, accuracy, and precision, for us to be able to main- 
teiin so artificial a balance as is necessary for walking on stilts 
or for skating, for tbe singer to know bow to strike a note with 
Ids voice, or tbe violin-player with his finger, so exactly that its 
* vibration shall not be out by a hundredth part. 

Moreover, it is clearly possible, by using these sensible 
images of memory instead of words, to produce the same kind 
of combination which, when expressed in words, would be 
called a proposition or a conclusion. For example, I may know 
that a certain person with whose face I am familiar has a pecu¬ 
liar voice, of which I have an equally lively recollection. I 
should be able with the utmost certainty to recognise his face 
and his voice among a thousand, and each would recall the other. 
But I cannot express this fact in words, unless I am able to add 
some other characters of the person in question which can be 
better defined. Then I should be able to resort to a syllogism 
and say, 'This voice which I now hear belongs to the man 
whom I saw then and there/ But universal, as well as 
particular conclusions, may be expressed in terms of sensible 
impressions, instead of words. To prove this I need only refer 
to the effect of works of art. The statue of a god would not 
be capable of conveying a notion of a definite character and 
disposition, if % did not know that the form of face and the ex¬ 
pression it wears have usually or constantly a certain definite 
signification. And, to keep in the domain of, the perceptions 
of the senses, if I know that a particular way of look in g for 
which I have learnt how to employ exactly the right kind of 
innervation, is necessary in order to bring into direct vision a 
point t$m feet off and so many feet to the right, this also is a 
universal proposition which applies to every case in which I 
have fixed a given point at that distance before, or may do so 
hereafter. It is a piece of knowledge which cannot be expressed 
in words, but is tbe result which sums up my previous success¬ 
ful experience* It may at any moment become the major 
premiss of a syllogism, whenever, in fact, I fix a point in the 
supposed position and feel that I do so by looking as that major 
proposition states. This perception of what I. am doing is my 
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minor proposition, and tixQ * conclusion' in limit t 
looking fur will lio found at the spot in 
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cussed in writings on aesthetics, where they play an important 
P . . as Intuifcl0 n> Unconscious Ratiocination, Sensible Intel- 
legibility, and such obscure designations. There lies under all 
these phrases the false assumption that the mental operations 
we are discussing take place in an undefined, obscure, half-con- 
scious fashion; that they are, so to speak, mechanical operations 
and thus subordinate to conscious thought, which can be ex¬ 
pressed in language. I do not believe that any difference in 
kind between the two functions can be proved. The enormous 
superiority of knowledge which has become ripe for expression 
m language, is sufficiently explained by the fact that, in the 
first place, speech makes it possible to collect together the ex¬ 
perience of millions of individuals and thousands of generations, 
to preserve them safely, and by continual verification to make 
them gradually more and more certain and universal; while,in 
the second place, all; deliberately combined actions of mankind, 
and so the greatest part of human power, depend on language! 
In neither of these respects can mere familiarity with phenomena 
{das Xennen ) compete with the knowledge of them which can 
be communicated by speech ( das Wissen); and yet it does not 
follow of necessity that the one kind of knowledge should be of 
a different nature from the other, or less clear in its operation. 
The supporters of Intuitive Theories of Sensation often 
appeal to the capabilities of new-born animals, many of which 
show themselves much more skilful than a human infant. It 
is quite clear that an infant, in spite of the greater size of its 
bram, and its power of Rental development, learns with extreme 
slowness to perform the simplest tasks; as, for example, to 
direct its ayes to an object or to touch what it sees with its 
hands. Must we not conclude that a child has much more to 
leam than an animal which is safely guided, but also restricted 
by its instincts 1 It is said that the calf sees the udder and 
goes after it, but it admits of question whether it does not simply 
smdl it,/ad make those movements which bring it nearer to 
the scent. 1 At a*y rate, the child knows nothing of the mean¬ 
ing of the visual image presented by its mother’s breast. It 
1 See Darwin on the Expression of the Emotions, p. 47.—Ta. 
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moment presented to it The premia is all the quicker because 
the whole of the mental furniture which it requires for its life 
is but small. 

We need, however, farther Investigations m the subject in 
order to throw light upon thin question* As far m the observa* 
tiona with which I am acquainted go f they do not mmm to mo to 
prove that anything more than certain tendencies m bom with 
animals. At all events one distinction between them and man 
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a word, even when it is used exceptionally in some other 
sen«e; we cannot help feeling the mental ©motions which a 
fictitious narrative calls forth, even when we know that it is not 
m tme ; just in the same way as wo cannot got rid of the normal 
signification of the sensations produced by any illusion of the 
senses, oven when we know that they are not real. 

There is one other point of comparison which is worth notice. 
The elementary signs of language are only twenty-six looters, 
and yot what wonderfully varied meanings can wo express and 
communicate by their combination! Consider, in comparison 
with this, the enormous number of elementary signs with which 
tho machinery of sight is provided. We may take the number 
of fibres in the optic nerves ns two hundred and fifty thousand. 
Each of these is capable of innumerable different degrees of 
sensation of one, two, or three primary colours. It follows that 
it is possible to construct an immeasurably greater number of 
combinations here than with the few letters which build up our 
words. Nor must we forget the extremely rapid changes of 
which the images of*ight are capable. No wonder, then, if our 
rense* speak to us in language which can express far more delicate 
distinctions and richer varieties than can bo conveyed by word* 

Oils is the solution of the riddle of how it Is possible to see; 
and, m far as I cun judge, it is the only one of which tho facts 
at present known admit. Those striking and broad incongruities 
between Sensations and Objects, both as to quality and to 
localisation, on which we dwelt, are just the phenomena which 
are most instructive; because they compel us to take tho right 
road. And even those physiologists who try to save frog, 
incuts of a pre-established harmony between sensations and 
their objects, cannot but confess that the completion and refine- 
meat, of sensory perceptions depend so largely upon experience, 
that it must be tho latter which finally decides whenever they 
coirtriuJJjjt the supjxntcd congenital arrangements of the organ. 
Ifetire toe u!mo§t significant* which may still he conceded to 
any such anatomical arrangements is that they are possibly 
capable of helping the firat practice of our senses. 

T$ 



The correspondence, therefore, between the external world 
ami the Perceptions of Bight rente, either in whole or in pifi-t, 
upon tho Mime foundation as all our knowledge of the actual 
world—on experience, and on constant verification of its uccntacy 
l.y experiment* which we perform with every movement of our" 
nody. It follows, of course, that we are only warranted in ac¬ 
cepting the reality of this correspondence so far as these menu* 
of verification extend, which is really ns far as for practical pur- 
] iosch wo need. 

Beyond these limits, ns, for example, in tho region of 
Qualities, w© are in some instance* able to prove conclusively 
that there is no correspondence at all between Sensation* and 
their Object*. 

Only the relation* of time, of space, of equality, and those 
which are derived from them, of number, siw», regularity of 
coexistence and of sequence— 1 mathematical relation*,’ in short 
—are common to the outer and the inner world, and hen* we 
may indeed look for a complete correspondence between oar con¬ 
ception* and the object* which excite then* 

But it seems to me that we should not quarrel with the 


of them abstract relation* have (men concealed from ti* >*y the 
manifold brilliance of a system of signs; since thus they am be 
(ho more easily surveyed and used for practical ends, while yet 
traces enough remain visible to guide the philosophical spirit 
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ON THE CONSERVATION OF FORCE. 

Mmimimi to a Serm of Lecture$ <Utirer$i at Garkrithe m the 
Winter qf 1802 - 1803 . 


As I have undertaken to deliver here a aeries of lectures, t 
think the beat way in which I can discharge that duty will he 
to bring before you, by means of a suitable example, some view 
of the ttpeckl character of those sciences to the study of which 
I have devoted myself* The natural sciences, partly in core 
sequence of their practical applications, and partly from their 
intellectual influence on the bet four centuries, have so pro¬ 
foundly, and with mdi increasing rapidity, transformed all the 
relations of the life of civilised nations they have given these 
nations such Increase of riches, of enjoyment of life, of the 
preservation of health, of means of industrial and of social 
interoonne, and oven sueh hmmm'Oi political 'power, that ovary 
educated mtm who tries to understand the forces at work In the 
work! In which he is living, even if he does not wish to enter 
upon the ntndy of a special science* must have mum Interest in 
that peculiar kind of mental labour which works and acts in 
the sefewses in question. 

On a former occasion I have already ditcuseed the character¬ 
istic difleroiiess which exist between the natural and the mental 
seleneai as regards the kind of scientific work. I then on* 
dewrottred to show that It k mom especially in the thorough 
cdRforvdflp with law which natural phenomena and natural 
prating #xWM% and in the comparative mm with which laws 
ran 1» staled, that this deference exists. Not that 1 wish by 
my ni nits to deny, that the mental life of Individuals and 
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peoples is also in conformity with law, as is the object of philo¬ 
sophical, philological, histoid cal, moral, and social sciences to 
establish. But in mental life, the influences are so interwoven, 
that any definite sequence can but seldom be demonstrated. , In 
Nature the converse is the case. It has been possible to discover 
the law of the origin and progress of many enormously extended 
series of natural phenomena with such accuracy and complete¬ 
ness that we can predict their future occurrence with the greatest 
certainty; or in cases in which we have power over the con¬ 
ditions under which they occur, we can direct them just accord¬ 
ing to our will. The greatest of all instances of what the 
human mind can effect by means of a well-recognised law of 
natural phenomena is that afforded by modern astronomy.’ The 
one simple law of gravitation regulates the motions of the 
heavenly bodies not only of our own planetary system, but also of 
the far more distant double stars; from which, even the ray 
of light, the quickest of all messengers, needs years to reach our 
eye; and, just on account of this simple conformity with law, 
the motions of the bodies in question can#be accurately pre¬ 
dicted and determined both for the past and for future years and 
centuries to a fraction of a minute. 

On this exact conformity with law depends also the certainty 
with which we know how to tame the impetuous force of steam, 
and to make it the obedient servant of our wants. On this 
conformity depends, moreover, the intellectual fascination which 
chains the physicist to his subjects. It is an interest of quite a 
different kind to that which mental and moral sciences afford. 
In the latter it is man in the various phases of his intellectual 
activity who chains us. Every great deed of which hi^ory tells 
us, every mighty passion which art can represent, every picture 
of manners, of civic arrangements, of the culture of peoples of 
distant lands or of remote times, seizes and interests us, even if 
there is no exact scientific connection among them. We con¬ 
tinually find points of contact and comparison in our ow p. cm- 
ceptions and feelings; we get to know the hidden capacities and 
desires of the mind, which in the ordinary peaceful course of 
civilised life remain unawakened. 
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It is not to be denied that, in the natural sciences, this kind 
interest is wanting. Each individual fact, taken "by itself, 
indeed arouse our curiosity or our astonishment, or "be usefu 
m 111 its practical applications. But intellectual satisfaction ** 
obtain only from a connection of the whole, just from its 
fortuity with law. Reason we call that faculty innate in us 
discovering laws and applying them with thought. For the 
oldintg’ of the peculiar forces of pure reason in their entire 
aunty and in their entire bearing, there is no more suitable 
11 tlraun inquiry into ^Nature in the wider sense, the mathe- 
Eiic» included. And it is not only the pleasure at the successful 
xxbry of one of our most essential mental powers ; and the vic¬ 
ious subjections to the power of our thought and will of an 
Brmal world, partly unfamiliar, and partly hostile, which is the 
f arcl of this labour ; hut there is a kind, I might almost say, 
artistic satisfaction, when we are able to survey the enormous 
iltlk, of Nature as a regularly-ordered whole—a kosrnos, an 
iga of fbue logical thought of our own mind. 

Tiro last decade! of scientific development have led us to the 
ignition of a new universal law of all natural phenomena, 
kih w from its extraordinarily * extended range, and from the 
nootioxi which it constitutes between natural phenomena of 
Mmcis, even of the remotest times and the most distant 
w, in especially fitted to give us an idea of what I have de- 
ibed 03 the character of the natural sciences, which I have 
wen as tlie subject of this lecture. 

Thus law is the Law of the Conservation of Force , a term 
i m earning of which I mast first explain. It is not absolutely 
f ; for individual domains of natural phenomena it was 
irmia/ted by Hew ton and Daniel Bernoulli; and Rumford and 
imph*ry DDavy have recognised distinct features of its presence 
fho laws of heat. 

Tfcie possibility that it was of universal application was 
fc stated by Dr. Julius Robert Mayer, a Schwabian physician 
iving in Heilbronn), in the year 1842, while almost 
ttilf^Tieomsly with, and independently of him, James Prescot 
lie* slxl English manufacturer, made a series of important and 
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difficult experiments on the relation of heat to mochnniral 
force*, which supplied the chief jmints in which the c->iujMm*IU 
of the new theory with experience was still wanting. 

The law in question asserts, that the quantity of form whkh 
can Im browjht into action in the whole of Nature in mwJmmjr .*• 
able, and can neither be increased nor climimithed* My first 
object will bo to explain to you what iff underatood by quantif y 
of form ; or, m the same idea is more popularly expressed *ith 
inference to its technical application, what we call amount tf 
work in the mechanical sense of the word. 

The idea of work for machines, or natural processes! Is taken 
from comparison with the working power of man; and we cun 
therefore best Illustrate from human labour the most important 
features of the question with which we are conoertiedL la 
speaking of the work of machines and of natural forces wo 
must, of course, in this comparison eliminate anything Is which 
activity of intelligence comes into play. The latter la also 
capable of the hard and interne work of thinking, which tries m 
man just as muscular exertion does. But whatever of tbs 
actions of intelligence im met with in the work of machines*, of 
course is due to the mind of the constructor and cannot !» 
assigned to the instrument nt work. 

Now, the external work of nmn is of tbs most varied kind 
as regards the force or ease, the form and rapidity, of the 
motions used on it, mid the kind of work produced* lint both 
the arm of the blacksmith who delivers bis pow#»*fttl blow# with 
the heavy hammer, and that of the violinist wf» produces the 
aaoit delicate variations in sound, and %hm 'hand of the 
maker who works with threads no fine that Ungrate on U** verge 
of the invisible, all these acquire the $mm which niovtw them 
in the mm% maimer and by the mnm otgan#, namely, the mi«*l«e 
of the aim. An arm the mim lm of width mm lei mmd it in* 
capable of doing my work ; the moving tmm of Urn mnmim 
must be at work in it* and thane musketry the 
bring to them orders from the brain* That rpnnhcr m th* n 
»I*We of the protest verify of motions* it am eompel it*# 
«n»t varied instrument* to extent# the mmi diverse tattle** 
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Just so is it with, machines: they are used for the most 
fdiversified arrangements. We produce t>y their agency an infinite 
variety of movements, with the most various degrees of force 
and rapidity, from powerful steam-hammers and rolling-mills, 
where gigantic masses of iron are cut and shaped like butter, to 
spinning and weaving-frames, the work of which rivals that 
of the spider. Modern mechanism has the richest choice of 
means of transferring the motion of one set of rolling wheels to 
another with greater or less velocity; of changing the rotating 
motion of wheels into the up-and-down motion of the piston-rod, 
of the shuttle, of falling hammers and stamps; or, conversely, 
of changing the latter into the former; or it can, on the other 
hand, change movements of uniform into those of varying 
velocity, and so forth. Hence this extraordinarily rich utility 
of machines for so extremely varied branches of industry. But 
one thing is common to all these differences; they all need a 
moving force, which sets and keeps them in motion, just as the 
works of the human hand all need the moving force of the 
muscles. 

How, the work of the smith requires a far greater and more 
intense exertion of the muscles than that of the violin-player; 
and there are in machines corresponding differences in the power 
and duration of the moving force requir ed. Those differences, 
which correspond to the different degree of exertion of the 
muscles in human labour, are alone what we have to think of 
when we speak of the amount of work of a machine. We 
have nothing to do here with the manifold character of the 
actions and arrangements which the machines produce; we are 
only concerned with an expenditure of force. 

This very expression which we use so fluently, ‘expenditure 
of force/ which indicates that the force applied has been ex¬ 
pended and lost, leads ns to a further characteristic analogy be¬ 
tween the effects of the human arm and those of machines. The 
greater the exertion, and the longer it lasts, the more is the arm 
tired, and the more is the store of its moving force for the time 
exhausted. We shall see that this peculiarity of becoming 
exhausted by work is also met with in the moving forces of 
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inorganic nature; indeed, that this capacity of the human arm 
of being tiral is only one of tho consequence* of the law whir 
■which we are now concerned. When fatigue act* in, recovery 
is needed, and this can only ho effected by rest and nourishment. 
We shall find that also in tho inorganic moving force*, when 
thoir capacity for work is spent, thero is a possibility of npro- 
duction, although in general other meaiui must bo used to this 
end than in tho case of tho human arm. 

From, tho fooling of exertion mid fatigue in onr rauwles, 
we can form a general idea of what wo understand by amount 
of work; hut wo must endeavour, instead of the indefinite 
estimate afforded by this comparison, to form a dear and precise 
idea of tho standard by which we have to measure the amount 
of work. This wo can do bettor by tbe simphwt inorganic 
moving forces than by tho actions of our musclus, which are a 
very complicated apparatus, acting in an extremely intricate 
manner. 

Let us now consider that moving form which we know boat, 
and which is simplest—gravity. It acta, for example, as such 
in those clocks which are driven by a weight. This weight, 


of gravity without setting tho whole clockwork in motion. 
Now I must beg you to pay special attention to tbe following 
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has regained its former capacity, and can again set the clock in 
tnotion. 

We learn from this that a raised weight possesses a moving 
force, but that it must necessarily sink if this force is to act; 
that by sinking, this moving force is exhausted, but by using 
another extraneous moving force—that of the arm—its activity 
can be restored. 

The work which the weight has to perform in driving the 
clock is not indeed great. It has continually to overcome the 
small resistances which the friction of the axles and teeth, as 
well as the resistance of the air, oppose to the motion of the 
wheels, and it has to furnish the force for the small impulses 
and sounds which the pendulum produces at each oscillation. 
If the weight is detached from the clock, the pendulum swings 
for a while before coming to rest, but its motion becomes each 
moment feebler, and ultimately ceases entirely, being gradually 
used up by the small hindrances I have mentioned. Hence, to 
keep the clock going, there must be a moving force, which, 
though small, must be continually at work. Such a one is the 
weight. 

We get, moreover, from this example, a measure for the 
amount of work. Let us assume that a clock is driven by a 
weight of a pound, which falls five feet in twenty-four hours. 
If we fix ten such clocks, each with a weight of one pound, 
then ten clocks will be driven twenty-four hours; hence, as 
each has to overcome the same resistances in the same time as 
the others, ten times as much work is performed for ten pounds 
fall through five feet. # Hence, we conclude that the height of the 
fall beijg the same, the work increases directly as the weight. 

Now, if we increase the length of the string so that the 
weight runs down ten feet, the clock will go two days instead 
of one; and, with double the height of fall, the weight will 
overcome on the second day the same resistances as on the first, 
^tnd, will therefore do twice as much work as when it can only 
run down five feet. The weight being the same, the work in¬ 
creases as the height of fall. Hence, we may take the product 
of the weight into the height of fall as a measure of work, at 
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any rate, in tiro present case. The application of Ihii measure 
is, in fact, not limited to the individual mm\ hut the tmHw-s!f 
standard adopted in manufactures for msasuritifl; magnitude of 
work is a foot pound —that is, the amount of work which a 
pound mined through a foot can produce 1 

We may apply this measure of work to nil kinds of 
machines, for we should be aide to set thorn all in motion by 
means of a weight sufficient to turn a pulley. Wo amid thus 
always express the magnitude of any driving force, for any 
given machine, by the magnitude and height of fall of such a 
weight us would be necessary to keep the machine going with 
its arrangements until it had performed n certain work, I fence 
it is that the measurement of work by foot pounds is universally 
applicable. The use of such a weight as it driving force would 


we were compelled to raise it by Hi < power of mr own aria; it 
would in that am® be simpler to work the mmkmm by the direet 


1 Thl» li the tm&mmi mmmmMwmMt 
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tlie mouth begins to incline downwards, it flows out. The 
^buckets on the circumference are filed on the side turned to 
the observer, and empty on the other side. Thus the former 
are weighted by the water contained in them, the latter not; the 
weight of the water acts continuously on only one side of the 
wheel, draws this down, and thereby turns the wheel; the other 

Fig. 38. 



side of the wheel offers no resistance, for it contains no water. 
Jt is thus the weight of the falling water which turns the wheel, 
• and furnishes the motive power, hut you will at once see that 
the anass of water which turns the wheel must necessarily fall 
in order to do so, and that though, when it has reached the 
"bottom, it Ins lost none of its gravity, it is no longer in a 
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portion to drive the wheel, if it is not restored to it# original 


to still lower levels, it may be used to work other wheels* Bui 
when it lifts reached its lowest level, the mm f tlm I mi remainder 
of the moving force is used up, which is due to gravity—that 
is, to the attraction of the earth* and it cannot net by tin weight 
until it has ten again rate! to a high level. Am this is 
actually effected by meteorological prtmmm* you will at once 
observe that these are to lie considered m sources of moving 


Water-power w tm the flint Inorganic form which man learnt 
%m instead of his own labour or of that of domestic animals., 
sording to Strabo, It was known to KingMithrfdate* of Pont «% 
t> was also otherwise celebrated for his knowledge of Nature; 


traduced among the Romans in the time of the first Emperore, 
Even now we find water-mills in all mountain*, valleya, or 


motive force* I 


We nil know that there are mmmmm myrntm of 

pulleys, levers and cranes, hjr the aid of which hmwy Mmimm 
mny he lifted by m comparatively small mpmMtum of farm 
We have all of m often ami on# or two workmen total heavy* 
masses of stones to great heights, width ttoy mmM to quite 
unoMeto do directly; In like mwmm t mmw twolien* by ateaxia 
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a sinp to the quay* Now, it may bo asked, If a largo, heavy 
weight had been used for driving a machine, would it not bo 
very easy, by means of a crane or a ay stem of pulleys, to raise it 
anew, so that it could again bo used Fm. m. 

m a motor,and thus acquire motive 
power, without being compelled to 
use a corresponding exertion in rais¬ 
ing the weight ? 

The answer to this is, that all 
these machines, in that degree in 
which for the moment they fncilu 
tate the exertion,also prolong it, m 
that by their help no motive power 
is ultimately gained. Let m assume 
that four labourers have to rut no 
a load of four hundred weight by 
means of a rope passing over a 
single pulley. Every times the rope 
is pulled down through four .foil, 
the load is also raised through four 
fmt* But now, for the wiki of mmu 
parison, let us suppose the wmtrn 
load hung to a block of four pul¬ 
leys, as reprinted In Fig. 30* A 
single labourer would mm hi able 
to mm the load by the same mm * 
tion of force as each me of the 
four put forth. But when h# pills 
the roflg through four feet, the load 
only rises one foot, for the length 
through which ho pulls the top, 
at m t Is uniformly distributed 
in the block over four ropes, m 
♦that each of these is only shortened 
by a foot, lb ml m the load, therefore, to the same height* 
the me mm must nmmmrily work four time* m long m the 
four together did* But the total expenditure of work Is the 
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some, whether four labourer* work for a quarter of an hour nr 
one works for an hour. r 

If; instead of human labour, wo introduce Urn work of a 
weight, and hang to the block a load of 40(1, and at «, where 
otherwise the lalamrer works, a weight of 100 pounds, the block 
is then in equilibrium, and, without any appreciable exertion of 
the arm, may be set in motion. The weight of 100 j«un«l* 
sinks, that of 400 rises. Without any measurable ox|»'>»dituro 
of force, the heavy weight has ken raked by the sinking of s he 


at c, tbo arm c b being four times m long m 


»f force, to place It in the position a‘ b\ fn which this kwxy 
weight of four pounds ha* hem raked, while the onwpontaf 
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four pounds through one inch is, as work, equivalent to the 
ptoduct of one pound through four inches. 

Most other fixed parts of machines may he regarded as 
modified and compound levers; a toothed-wheel, for instance as 
* a series of levers, the ends of which are represented by the in¬ 
dividual teeth, and one after the other of w hich is put in activity 
in the degree in which the tooth in question seizes or is seized 


Fig. 41. 



by the adjacent pinion. Take, for instance, the erabwinch, re¬ 
presented in Fig. 41. Suppose the pinion on the axis of the barrel 
of the winch has twelve teeth, and the toothed-wheel, III, 
seventy-two teeth, that is six times as many as the former. The 
winch must now be turned round six times before the tooth ed- 
^eel, H, and the barrel, D, have made one turn, and before the 
rope wjbich raise* the load has been lifted by a length equal to 
the circumference of the barrel. The workman thus requires 
six times the time, though to be sure only one-sixth of theexer- 
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lion, which he would have to wise if the handle were dim-tly 
applied to the barrel, JD. la all the** machine*, and piu-taof 
luiudiiuee, we find it confirmed that in proportion m th«* velocity 
of the motion increams* ita power diniuiiahtw, and that when the 
[lower increase* this velocity di mn uishea, hut that the amount of 
work i» never thereby increased. 

1 n the overshot mill-wheel, deeeribud above, water act* by 
it« weight. But there i* another form of mill-wheels what m 

Tim, 12. 


called the mdmvhot a iM, In which It only auto by ft* impart* 
o« irprroented in Fig. 43. The** are nwd where the height 
from which the water cohm-h hi not great wealth to flow on the 
upper part of the wheal. The lower part of undershot wheel* 
dips in the flowing water which Mrilw** essaim t their flmt.»*>nrd* 
and wm-ftm them along. Such wheel* *r# wed In ewift-flowiag 
stream* which have a natively perwptiltk fall, an, for instamw, 
on the lUiine. la Urn honied into nd^dworbocsl of auch a wlw* i» 
the water need not noowarHy have a groat fill if ft only uttihw 
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with considerable velocity- It is the velocity of the water, 
Verting an impact against the float-boards, which acts in this 
case, and which produces the motive power. 

Windmills, which are used in the great plains of Holland 
and North Germany to supply the want of hilling water, afford 
another instance of the- action of velocity. The sails are driven 
by air in motion—by wind. Air at rest could just as little 
drive a windmill as water at rest a water-wheel. The driving 
force depends here on the velocity of moving masses. 

A bullet resting in the hand is the most harmless thing in 
the world; by its gravity it can exert no great effect; but when 
fired and endowed with great velocity it drives through all ob¬ 
stacles with the most tremendous force. 

If I lay the head of a hammer gently on a nail, neither its 
small weight nor the pressure of my arm is quire sufficient to 
drive the nail into the wood; but if I swing the hammer and 
allow it to fall with great velocity, it acquires a new force, 
which can overcome far greater hindrances. 

These examples teach us that the velocity of a moving mass 
can act as motive force. In mechanics, velocity in so far as it 
is motive force, and can produce work, is called vis viva . The 
name is not well chosen; it is too apt to suggest to us the force 
of living beings. Also in this case you will see, from the in¬ 
stances of the hammer and of the bullet, that velocity is lost, as 
such, when it produces working power. In the case of the 
water-mill, or of the windmill, a more careful investigation of 
the moving masses of water and air is necessary to prove that 
part of their velocity has been lost by the work which they 
have performed. 

The relation of velocity to working power is most simply 
and clearly seen in a simple pendulum, such as can be con¬ 
structed by any weight which we suspend to a cord. Let M, Fig. 
43, be such a weight, of a spherical form; A B, a horizontal 
li«e drawn through the centre of the sphere; P the point at 
which the cord fo fastened. If now I draw the weight M on 
one side towards A, it moves in the arc M a , the end of which 
a, is somewhat higher than the point A in the horizontal line! 

u 2 







The weight is thereby t 
arm must exert a certain 
resists this motion, and < 
M, the lowest point wfah 
Now, if after 1 have 
obeys this force of grtvi 
a certain velocity, and nc 
it did before, but swings 


stops as mm m It has it 
in length to that m the 
imlmm B h above £km 
height A m t te which m 3 
pmialnm retains, awk| 
a, and so #», until its 
and nlliiaately anmtlidl 
friction, 









& velocity to the Minpendeil weight by a blow. 

From thin wo bra further how to iwMtenro the w ork ini* 
power of velocity — or, whet in the eetno thing, the vis mpn of 
the moving mas*. It in er|ttnl to the work, wpweel in foot 
pound*, which the wtme boom mi exert after it* velocity Ixw 
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winding up the dork, and am uncoiled by tlm working of the 
clock, To coil up the spring we consume the fore® of the aniT; 
thin him to overcome the resisting elastic force of the spring ns 
%ve wind it up, just m in the clock we have to overcome the fora* 
of gravity which the weight exerts. The coiled spring can* 
however, perform work; it gradually expends thin acquired 
capability iti driving the clockwork. 

If I stretch a crossbow and afterward* let it go, Uie stretched 
string move* the airow; it imparts to it force in the form of 
velocity* To stretch the cord my arm must work for a few 
seconds; this work is imparted to the arrow at tlm moment it 
k shot off Thus the croe&bow concentrates into a«i extremely 
short time the entire work which the arm had cwminnniretod in 
the operation of stretching; the dock, on the contrary, spreads 
it over one or several days* In both cases no work is prod tie *d 
which my arm did not originally impart to the instrument. It Is 
only expended more conveniently. 

The case is somewhat different if hy any other natural pro¬ 
ms I can place an elastic body in a state of tension without 
having to exert my arm* This is possible and in meat easily 
observed in the mm of g area* 

If, for Instance, I dinciiarge a firearm leaded with gunpowder, 
the greater part of the mans of the powder i» converted into 
gases at a very high temperature, which hart a powerful ton- 
deucy to expand, und can only In retained In Ik narrow space 
in which they are formed, by the exerdse of the moat powerful 
pressure* In expendhig with «or»#tie fmm they propel the 
bullet, and impart to it a great velocity, which. we have already 
seen is a form of work 

In this €»a§®, then, I have gainst! wi which my arm hat 
not pmfonndL Something, hwmm^hm bm i gun* 

jKiwder, that is to my, whom em&itaettte have idiattgad into 
other chetnkal mmpmmk, fmm wkkk ttoy mmm without 
further ado, be restored to their onfgtnal eotiditfcii, Here, them 
a chestei clmnge hm taken pUc**, under the mftmmrn of whkh 
work him \mm gtesL 













air, wltMi id j*3n**4 in a nxrtal vwmI, Is »Wefc It mn I# 
by nttmm. ll la oonoactaj with tfc« tala, M §, whirl* 

n.tttniim a liquid, ami Ik Iimi« of whirfe casswinila »i*i. 
i**«h Mimr wlw« «}*** »te|» wk II is chwal. If tlw liquid b In 
In lit* t#k X a wbm Ik globs h tmM, it than Is tl# 
U% h, md sitiflaMtlj owHkm *lM» II, 

tm ths tmtomry, wbas ttw gMm Is tm%*4, «sjnUU*lni*i t* »«.. 

I«y »IJw»i«s asms of Ik liquid to flotr «ot> •* li, a* iW 
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motive powers formerly known is that it is not restricted to a 
particular place. The store of coal and the small quantity of 
water which are the sources of its power can be brought every¬ 
where, and steam-engines can even be made movable, as is the 
m case with steam-ships and locomotives. By means of these 
machines we can develop motive power to almost an indefinite, 
extent at any place on the earth’s surface, in deep mines and 
even on the middle of the ocean ; while water and wind mills 
are bound to special parts of the surface of the land. The loco¬ 
motive transports travellers and goods over the land in numbers 
and with a speed which must have seemed an incredible fable to 
our forefathers, who looked upon the mail-coach with its six 
passengers in the inside, and its ten miles an hour, as an enor¬ 
mous progress. Steam-engines traverse the ocean independently 
of the direction of the wind, and, successfully resisting storms 
which would drive sailing-vessels far away, reach their goal at 
the appointed time. The advantages which the concourse of 
numerous and variously skilled Workmen in all branches offers 
in large towns where wind and water power are wanting, can 
be utilised, for steam-engines find place everywhere, and supply 
the necessary crude force; thus the more intelligent human 
force may be spared for better purposes; and, indeed, wherever 
the nature of the ground or the neighbourhood of suitable lines 
of communication present a favourable opportunity for the 
development of industry, the motive power is also present in the 
form of steam-engines. 

We see, then, that heat can produce mechanical power; but 
in the cases which we have discussed we have seen that the 
quantity ^f force which can be produced by a given measure of 
a physical process is always accurately defined, and that the 
further capacity for work of the natural forces is either 
diminished or exhausted by the work which has been performed. 
How is it now with Heat in this respect] 

♦ This question was of decisive importance in the endeavour 
to extend the l^w of the Conservation of Force to all" natural 
processes. In the answer lay the chief difference between the 
older and newer views in these respects. Hence it is that many 
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by intermediate stages. This also agreed very well with the 
^sumption, which was the basis of the theory of heat, that 
heat is a substance entirely unchangeable in quantity. The 
natural processes which have here been briefly mentioned, were 
the subject of extensive experimental and mathematical investi¬ 
gations, especially of the great French physicists in the last 
decade of the former, and the first decade of the present, 
century; and a rich and accurately-worked chapter of physics 
had been developed, in which everything agreed excellently 
with the hypothesis—that heat is a substance. On the other 
hand, the invariability in the quantity of heat in all these pro¬ 
cesses could at that time be explained in no other manner 
than that heat is a substance. 

But one relation of heat—namely, that to mechanical work 
—had not been accurately investigated. A French engineer, 
Sadi Carnot, son of the celebrated War Minister of the Revolu¬ 
tion, had indeed endeavoured to deduce the work which heat 
performs, by assuming that the hypothetical caloric endeavoured 
to expand like a gas; and from this assumption he deduced in 
fact a remarkable law as to the capacity of heat for work, which 
even now, though with an essential alteration introduced by 
Clausius, is among the bases of the modern mechanical theory 
of heat, and the practical conclusions from which, so far as 
they could at that time be compared with experiments, have 
held good. 

But it was already known that whenever two bodies in 
motion rubbed against each other, heat was developed anew, 
and it could not he said whence it came. 

The&ct is universally recognised; the axle of a carriage 
which is badly greased and where the friction is great, becomes 

hot_so hot, indeed, that it may take fire; machine-wheels with 

iron axles going at a great rate may become so hot that they 
weld to their sockets. A powerful degree of friction is not, 
Indeed, necessary to disengage an appreciable degree of heat; 
thus* a lucifer-*natcb, which by rubbing is so heated that the 
phosphoric mass ignites, teaches this fact. Nay, it is enough to 
rub the dry hands together to feel the heat produced by friction, 




tne tx*di«j robbed might her* libemto tout h**t wfatoh wenlil 
the* ttppeor m hm%t of friction. 

But hmt mn aleo U |»rad»mi by tf>o friction of Itowidk h 
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A stone which has fallen from a height has acquired a in 

velocity on reaching the earth ; this we know is the equi^r^^ mt 
of a mechanical work; so long as this velocity continues as 
we can direct it upwards by means of suitable arrangenaor* 1 
and thus utilise it to raise the stone again. Ultimately tJi© 
stone strikes against the earth and comes to rest; the impaotr 
destroyed its velocity, and therewith apparently also th.o xn-e- 
chanical work which this velocity could have effected. 

If we review the results of all these instances, which each of 
you could easily add to from your own daily experience, we »ix»I i 
see that friction and inelastic impact are processes in which*. x Me¬ 
chanical work is destroyed, and heat produced in its place. 

Tlie experiments of Joule, which have been already 
tioned, lead us a step further. He has measured in foot poiaxida 
the amount of work which is destroyed by the friction of solid*! 
and by the friction of liquids; and, on the other hand, h© bmm 
determined the quantity of heat which is thereby produced, 4txmdi 
has established a de^nite relation between the two. His experi¬ 
ments show that when heat is produced by the consumption of 
work, a definite quantity of work is required to produce tbAfc 
amount of heat which is known to physicists as the unit of ; 

the heat, that is to say, which is necessary to raise one grivxxxfira# 
of water through one degree centigrade. The quantity of 
necessary for this is, according to Joule’s best experiroooifc^^ 
equal to the work which a gramme would perform in f*dlitmff 
through a height of 425 metres. 

In order to show how closely concordant are his number*, 
I will adduce the results of a few series ?)f experiments ■VB r faic?lx 
he obtained after introducing the latest improvements i n it§j® 
methods. 

1. A series of experiments in which water was heated W 
friction in a brass vessel. In the interior of this vessel a, v«r-* 
ticai axle provided with sixteen paddles was rotated, the eddi>n 
thus produced being broken by a series of projecting 

in which parts were cut out large enough for the paddles to rmmm 
through. The value of the equivalent was 424*9 metres. 

2. Two similar experiments, in which mercury in an 
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vessel was substituted for water in a brass one, gave 425 and 
4i(r3 metres. 

j. Two series of experiments, in which a conical ring rubbed 
against another, both surrounded by mercury, gave 426*7 and 
m 425*6 metres. 

Exactly the same relations between heat and work were also 
found in the reverse process—that is, when work was produced 
by heat. In order to execute this process under physical con¬ 
ditions that could be controlled as perfectly as possible, per¬ 
manent gases and not vapours were used, although the latter 
are, in practice, more convenient for producing large quantities 
of work, as in the case of the steam-engine. A gas which is 
allowed to expand with moderate velocity becomes cooled. 

Joule was the first to show the reason of this cooling. For the 
gas has, in expanding, to overcome the resistance which the 
pressure of the atmosphere and the slowly yielding side of the 
vessel oppose to it: or, if it cannot of itself overcome this 
resistance, it supports the arm of the observer which does it. 

Gas thus performs work, and this work is produced at the cost 
of its heat. Hence the cooling. If, on the contrary, the gas is 
suddenly allowed to issue into a perfectly exhausted space where 
it finds no resistance, it does not become cool, as Joule has 
shown; or if individual parts of it become cool, others become 
warm; and, after the temperature has become equalised, this 
is exactly as much as before the sudden expansion of the 
gaseous mass. 

How much heat the various gases disengage when they are • 
compressed, and how ifiuch work is necessary for their compres¬ 
sion; or, conversely, bow much heat disappears when they ex¬ 
pand under a pressure equal to their own counterpressure, and 
bow much work they thereby effect in overcoming this counter¬ 
pressure, was partly known from the older physical experiments, 
and has partly been determined by the recent experiments of 
Begnault by extremely perfect methods. Calculations with the 
best data of this kind give us the value of the thermal equiva- fc 

lent from experiments:— 

Ju X 
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ntmmfkmh air . * 420*0 tmirm 

„ oxygen.• 

„ nitrogen ..... 431*8 „ * 

f t hydrogen ..... 42J&-3 w 

Comparing them* mimWrt with thorn* which detormiiifi tint 
equivalence of heat ami mechanical work in friction, m cl tm m 
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observer*. 
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Whan the carton is burned, we obtain in it* stead, ami in 
that of the oxygen, the gaseous* product of combustion—mrljgtue 
acid* Immediately after combustion it is inranddsmnt. Whan 
it has afterwards imparted heat to the vicinity, wo have in the 
carbonic acid the entire quantity of carbon and the entire 
quantity of oxygen, and also the form of affinity quite its strong 
as before, But the action of the latter in now limited to hold¬ 
ing the atoms of carton and oxygen firmly united ; they mn s»o 


can do work if it hue not toon again robed by some extraneous 


we endeavour to get it out of the chimneys of our houses os 
fast as we can. 

Is it possible, them, to tear asunder the particles of eerbonio 


though in vousfiatoufe ways, the explanation of which would 
lead us too far from our present court#* 


In It to completely stottoi with 






















which appears in the form of heat. In the water which 
has been formed during combustion, the force of affinity 
is inserted between the elements as before, but its capacity 
for work is lost. Hence the two elements must be again sepa- 
* rated, their atoms torn apart, if new effects are to be produced 
from them. 

This we can do by the aid of currents of electricity. In the 
apparatus depicted in Fig. 48, we have two glass vessels filled 
with acidulated water, a and a XJ which are separated in the 
middle by a porous plate moistened with water. In both skies 
are fitted platinum wires, h , which are attached to platinum # 



plates, i and i x . As soon as a galvanic current is transmitted 
through the water by the platinum wires, Jc, you see bubbles of 
gas ascend from the plates i and i v These bubbles are the two 
elements^of water, hydrogen on the one hand, and oxygen on 
the other. The gases emerge through the tubes g and g v If 
we wait until the upper part of the vessels and the tubes have 
been filled with it, we can inflame hydrogen at one side; it 
bums with a blue flame. If I bring a glimmering spill near 
*he mouth of the other tube, it bursts into flame, just as happens 
with, oxygen gas, in which the processes of combustion are far 
mord intense than in atmospheric air, where the oxygen mixed 
with nitrogen is orly one-fifth of the whole volume. 





If I hold ft glass flunk filled with water over the hydrogen 
flaiiie, the water, newly formed in ootnbustion, coudexuwe npotrit, 
If a platinum wire be held in the aliiumt non iuiuimmx 


Item liberated in the above experiment, the ulmwt infnsibj 


fresh combination with oxygen; it* affinity for oxygen ha* tn. 
gained for it its capacity for work. 

We here become acquainted with a new source of jwork, the 
electrio current which dacompoww water. This current in itself 
produced by a galvanic battery, Fig, 40. Bach of the four 
vwweis oontalna nitric acid, In which there is a hollow cylinder 
of very compact carbon. In the middle of tho rnrbrnt cylinder 
i« a cylindrical porous vessel of white clay, which contain.! 
dilute sulphuric arid; In this dips a riitc cylinder, Kw h, rino 
cylintlcr k conneettri by a metal ring with tha carbon ryllnulcr 
of the next vessel, the last sine cylinder,», is txmumUsk with 
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one platin am plate, and the first carbon cylinder, p, with the 
o^her platinum plate of the apparatus for the decomposition of 
w&hx\ 

It* now the conducting circuit of this galvanic apparatus is 
completed, and the decomposition of water begins, a chemical 
process takes place simultaneously in the cells of the voltaic 
battery. Zinc takes oxygen from the surrounding water and 
undergoes a slow combustion. The product of combustion 
thereby produced, oxide of zinc, unites further with sulphuric 
acid, for which it has a powerful affinity, and sulphate of zinc, 
a saline kind of substance, dissolves in the liquid. The oxygen, 
moreover, which is withdrawn from it is taken by the water 
from the nitric acid surrounding the cylinder of carbon, which is 
very rich in it, and readily gives it up. Thus,*in the galvanic 
battery zinc burns to sulphate oft zinc at the cost of the oxygen 
of nitric acid. 

Thus, while one product of combustion, water, is again 
separated, a new combustion is taking place—that of zinc. 
"While we there reproduce chemical affinity which is capable of 
work, it is here lost. The electrical current is, as }t were, only 
the carrier which transfers the chemical force of the zinc 
uniting with oxygen and acid to water in the decomposing cell, 
and uses it for overcoming the chemical force of hydrogen and 
oxygen. 

In this case, we can restore work which has been lost, but 
only by using another force, that of oxidising zinc. 

Here we hav© overcome chemical forces by chemical forces^ 
through the instrum<fntality of the electrical current. But we 
can attain the same object*by mechanical forces, if we produce 
the electrical current by a magneto-electrical machine, Fig. 50. 
If we turn the handle, the anker It B 1 , on which is coiled 
copper-wire, rotates in front of the poles of the horse-shoe 
magnet, and in these coils electrical currents are produced, which 
can be led from the points a and b. If the ends of these wires 
are connected with the apparatus for decomposing water, we 
obtain hydrogen and oxygen, though in far smaller quantity than 
by the aid of the battery which we used before. But this pro- 
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££ine changes chemical into mechanical force the magneto-elec- 
cal machine transforms mechanical force into chemical. 

‘IShe application of electrical currents opens out a large 
rriber of relations between the various natural forces. We 
v-© decomposed water into its elements by such currents, and 
3mid be able to decompose a large number of other chemical 
xipounds. On the other hand, in ordinary galvanic batteries 
ictrical currents are produced by chemical forces. 

In all conductors through which electrical currents pass they 
Dcluce heat; I stretch a thin p^tinum wire between the ends 
txid p of the galvanic battery, Fig. 49; it becomes ignited 
d melts. On the other hand, electrical currents are pro¬ 
ceed by beat in what are called thermo-electric elements. 

Iron which is brought near a spiral of copper wire, traversed 

a/n electrical current, become magnetic, and then attracts 
i<3r pieces of iron, or a suitably placed steel magnet. We thus 
tzxin mechanical actions which meet with extended applications 
tli© electrical telegraph, for instance. Fig. 51, represents a 
:>i’Ee’s telegraph in one-third of the natural size. The essen- 
I part is a horse-shoe shaped iron core, which stands in the 
?l>er spirals bb. Just over the top of this is a small steel 
ignet c c, which is attracted the moment an electrical current, 
riving by the telegraph wire, traverses the spirals b b. The 
ignet c c is rigidly fixed in the lever d 4, at the other end of 
rich is a style; this makes a mark on a paper band, drawn 
*t clock-work, as often and as long as c e is attracted by the 
ignetic action of the electrical current. Conversely, by revers- 
5 the magnetism iff the iron core of the spirals bb, we should 
tsain in them an electrical current just as we have obtained such 
rrents in the magneto-electrical machine, Fig. 50; in the spirals 
tlaat machine there is an iron core which, by being approached 
tilxe poles of the large horse-shoe magnet, is sometimes magnet¬ 
ic! in on© and sometimes in the other direction. 

X will not accumulate examples of such relations; in subse- 
ent lectures we shall come across them. Let us review 
eae examples once more, and recognise in them the law which 
common to all. 






A raised weight am produce work, but in doing 
necessarily sink from its height, and, when it htm fell 


do work, 


*o it comm to rent Heat can perform work \ it k destroy 


the operation. Cbemtal mm* mm perform work, hut they «*. 
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We might also drive a magneto-electrical machine by a falling 
weight; it would then furnish electrical currents. 

"VSe have seen that chemical forces, when they come into 
play, produce either heat or electrical currents or mechanical 
%vork. 

“We have seen that heat may he changed into work; there 
are apparatus (thermo-electric batteries) in which electrical cur¬ 
rents are produced by it. Heat can directly separate chemical 
compounds; thus, when we burn limestone, it separates carbonic 
acid from lime. 

Thus, whenever the capacity for work of one natural force 
is destroyed, it is transformed into another kind of activity. 
Even within the circuit of inorganic natural forces, we can 
transform each of them into an active condition by the aid of 
any other natural force which is dhpable of work. The connec¬ 
tions between the various natural forces which modem physics 
has revealed, are so extraordinarily numerous that several 
entirely different methods may be discovered for each ot those 
problems. 

I have stated how we are accustomed to measure mechanical 
work, and how the equivalent in work of heat may be found. 
The equivalent in work of chemical processes is again measured 
by the heat which they produce. By similar relations, the 
equivalent in work of the other natural forces may be expressed 
in terms of mechanical work. 

If, now, a certain quantity of mechanical work is lost, there 
is obtained, as experiments made with the object of determining 
this point show, an equivalent quantity of heat, or, instead of 
this, of chemical force; and, conversely, when heat is lost, we 
gain an equivalent quantity of chemical or mechanical force; 
and, again, when chemical force disappears, an equivalent of 
heat or work; so that in all these interchanges between various 
inorganic natural forces working force may indeed disappear 
In one form, but then it reappears in exactly equivalent 
quantity in some # other form; it is thus neither increased nor di¬ 
minished, but always remains in exactly the same quantity. 
We shall subsequently see that the same law holds good also 
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for processes in organic nature, «o fur m the fuel 



which maintain* any change which take* plw* a 
You bug how, (starting from consideration* 
immediate practical interest* of technical work 


ractorixtic property of all natural foroes, and which, an regards 
generality, is to 1st placed hy the aide of the law* of the ntmlter- 
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'rn, 


were made to co-operate, could not be done without a know- 
le<ige of our law in all its generality. The possibility of a per- 
petuM motion was first finally negatived by the law of the con¬ 
servation of force, and this law might also be expressed in the 
practical form that no perpetual motion is possible, that force 
cannot be produced from nothing; something must be con¬ 
sumed. # 

You will only be ultimately able to estimate the importance 
and the scope of our law when you have before your eyes a 
series of its applications to individual processes in nature. 

What I have to-day mentioned as to the origin of the 
moving forces which are at our disposal, directs us to something 
beyond the narrow confines of our laboratories and our manu¬ 
factories, to the great operations at work in the life of the earth 
and of the universe. The force Of falling water can only flow 
down from the hills when rain and snow bring it to them. To 
furnish these, we must have aqueous vapour in the atmosphere, 
which can only be effected by the aid of heat, and this heat 
comes from the sun. The steam-engine needs the fuel which 
the vegetable life yields, whether it be the still active life of the 
surrounding vegetation, or the extinct life which has produced 
the immense coal deposits in the depths of the earth. The 
forces of man and animals must be restored by nourishment; 
all nourishment comes ultimately from the vegetable kingdom, 
and leads us back to the same source. 

You see then that when we inquire into the origin of the 
moving forces which we take into our service, we are thrown 
back upon the meteorological proceases in the earth's atmosphere, 
on the life of plants in general, and on the sun. 
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Jm Opemmy Addnm itHmmtd of lit Mitwr/vrmitr I'trmtmmtmtij, In 
ItmArUt-i, 1*09. 


1* accepting the honour yon h*t% *l*«e m« in wq*n*i»t|ng wn* to 
daUvor the Hurt looturw at *i»« optaini meeting «f thi* ymrV 
Aseodation, it apjiBnra to »n to be non in hoping with the im- 
port of the moment ntvl tlw dignity af thin a**embly that, in 
plan of dealing with my portlcufer Uneof rwwuwb of my own, 
t tehoald Invito yon to cm* m gUnro at tlm development ol nil tlw 
Uinndbm of phyefcol wimo* rofMCwntnl on tlMM omwutlmw 
Them bnuMdtw Include * mut mtm of invent igntinn, 

material of etiMMt ton varied* ohniwto for eemprriwwiMon, the 
rmgm and intrimdo nlw of which become grow tor with mrh 
ymr, while trn bonnda ton ho awdgned to ito inmnin Daring 
iho fin* half of tho present century w* hod on AJmottuler von 
Humboldt, who wna «bb» to men tho adhmtifie knowledge of hi* 
Urn# in It* detoll*, c4 to bring it within one vent generaifeatbn. 
At tho pripnt j unctur e. it hi obrionely very doubtful whether 
tbw took ««!*! ho MRonpUM l« n dnlhr w»y, mm hy n 
mind with gift* to pwullnriy mihdlbrtto purpose tollumboMt't 
woo, and if oil tiii time end work wor* dmioi to tho perpoto. 
Wo, bowevor, working; m wo do to mlmmrn m ebtgle deport* 
•tout of m&mna, mm dovoto hut Utile of onr timo to tho 
rimtynMNMi rigfly of tho other branchra, A* won no wo outer 
ope# toy Invwtlfitlan, nfl onr prawn hnvn to bo omnrattnited 
m * fold of ntutrowed limit. Wo hnvo not only, iiko the jtMio* 
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Iogm» or historian, to seek out and search through lmok* mud 
gather from them what others have already detenuined about 
the subject under inquiry; that in but a aocontlary prtpii of 
our work. We have to attack the things themselves, anti in 
doing so each offers new and peculiar difficulties! of a kind cpsito 


purpose of the investigation* 

At one time, we have to study the errors of cmr itintru* 
incuts, with a view to their diminution, or, where they cannot 
be removal, to compass their detrimental influence; while at 
other times we have to watch for the moment when an oigankm 
presents itself under circumstance* most Cavotimble for research* 
Again, in the course of our biwe*tigntbn we learn for the first 
time of possible errors which vitiate the result* or perhaps 
merely mis© a suspicion that it may lie vitiated, and w# find 
ourselves compiled to begin the work anew, till every shadow 
of doubt in removed# And it is only when the observer take* 


interest upon it that he cannot separate himself from it for 


perfect and valuable piece of work is done* You m all aware 
that in every goes! research, th# preparation, the secondary 
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preparatory work tends. I believe I am correct in thus de¬ 
scribing the work and mental condition that precedes all those 
great Results which hastened so much the development of science 
after its long inaction, and gave it so powerful an influence over 
Overy phase of human life. 

The period of work, then, is no time for broad comprehensive 
survey. When, however, the victory over difficulties has 
Happily been gained, and results are secured, a period of repose 
follows, and our interest is next directed to examining the bear¬ 
ing of the newly established facts, and once more venturing on 
a, wider survey of the adjoining territory. This is essential, and 
•those only who are capable of viewing it in this light can hope 
to find useful starting-points for further investigation. 

The preliminary work is followed by other work, treating 
of other subjects. In the course 8f its different stages, the ob¬ 
server will not deviate far from a direction of more or less nar¬ 
rowed range. Tor it is not alone of importance to him that he 
naay have collected information from books regarding the region 
to be explored. The human memory is, on the whole, proportion¬ 
ately patient, and can store up an almost incredibly large amount 
of learning. In addition, however, to the knowledge which the 
student of science acquires from lectures and hooks, he requires 
intelligence, which only an ample and diligent perception cm 
give him; he needs skill, which comes only by repeated experi¬ 
ment and long practice. Ills senses must be sharpened for cer¬ 
tain kinds of observation, to detect minute differences of form, 
colour,solidity,smell,&c., in the object under examination; his hand 
must be equally trainee?to the work of the blacksmith, the lock¬ 
smith, and the carpenter, or the draughtsman and the violin- 
| il/iyer, and, when operating with the microscope, must surpass 
tli© lace-maker in delicacy of handling the needle. Moreover, 
when. he encounters superior destructive forces, or performs 
bloody operations upon man or beast, he must possess the courage 
nxml coolness of the soldier. Such qualities and capabilities, 
partly the result of natural aptitude, partly cultivated by long # 

practice, are not so readily and so easily acquired as the mere 
massing of facts in the memory; and hence it happens that an 
i. y 
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inrestuntor in compelled. tlurinff the entire l<d**«ra of hi* lifts 
to strictly limit his field,ami to confine himwlf t« * W S»ran#*u , 

which mi it him bent, f . 

\Vo must not, however, forgot that the m mi* she »nd>* »«1 ml 
worker in compelled to narrow tlm «j<lm«* «f 1»«» activity, <-t, 
nmch the more will hi* intellectual drain-* indue- him not to 
sever l.« connection with the subject in it* entire ty. If.« *h d! 
he go stout nn.l oheerfnl to hi* toil-mn work, how f«d moll lent 
that what haa given him ao much labour will not numl h-r use¬ 
lessly iiway, hut remain a thing of Idling * •'»..% nulere I.,. 
krep alive within himself the conviction th«t bn »1«» hm ad<M 
a fragment to the stupendous whole *<f Hciencw whirl, i* w» 
nwkr the reasonless foroea of nature *u»<*ervient to the moral 
purposes of humanity 1 

An immediate practical hue cannot generally he counted on 
A priori for each particular investigation. Fhy«i«l wdenr*, if 
istnw, has by the practical realisation of it* rcauHa transformed 
the entire Ufa of moth ra humanity. Hut, a* a rule, them* appli¬ 
cation* appear under circumstances «hm Ihtjs art* lout expected, 
to search in that direction generally bads t« nothing wnirea ore. 
tain points have already bean definitely Used, ao that all that ha* 
to be done is to remove certain obstacle* in the way of practical 
application. If wa search tin* record* «*f the mart important 
disooveriea, they are either, especially in earlier time*, made by 
workmen who their whole live* through did but one kind erf 
work, and, either l*y a happy smdent, or by a **arebing, ra- 
pastel, tentative experiment, hit «|»t» sow* new method ml- 
vantageoua to their particular handiefaflt; other* there are, 
,,nd this is especially the ease la mart of the ress ut/ Usoovorhw, 
which an» tbs fruit of * matured mtattiOe anptaiotanre with 
ths subject in question, an acquaintance that in each inrtama 
had originally kwn acquired without any direct view to 
po«sibk mm 

Onr Association reprerent* the whole of attend wfeiwe. ft** 
day are mawmWed mathematicians, phytici**, «h«mtoi* and 
■ookglsta, botanists and firtofists, the teacher of ncbmre *«<! 
the physician, the teebimkffa* and the aawhsar who find* 
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scientific pursuits relaxation from other occupation. Here 
eafti of us hopes to meet with fresh impulse and encourage¬ 
ment ^for his peculiar work; the man who lives in a small 
country place hopes to meet with the recognition, otherwise 
Imattainable, of having aided in the advance of science; he 
hopes by intercourse with men pursuing more or less the 
same object# to mark the aim of new researches. We re¬ 
joice to find among us a goodly proportion of members re¬ 
presenting the cultivated classes of the nation; we see influ¬ 
ential statesmen among us. They all have an interest in 
our labours; they look to us for further progress in civili¬ 
sation, further victories over the powers of nature. * They it 
is who place at our disposal the actual means for carrying 
on our labours and are therefore entitled to inquire into 
the results of those labours, ft appears to me, therefore, 
appropriate on this occasion to take account of the progress of 
science as a whole, of the objects it aspires to, and the magni¬ 
tude of the efforts made to attain them. 

Such a survey is desirable; that it lies beyond the powers 
of any one man to accomplish with even an approximate com¬ 
pleteness such a task as this is clear from what I have already 
said. If I stand here to-day with such a problem entrusted to 
me, my excuse must be that no other would attempt 
it, and I hold that an attempt to accomplish it, even if 
with small success, 'is better than none whatever. Besides, 
a physiologist has jierhaps more than all others immediate oc¬ 
casion to maintain a clear and constant view of the entire field, 
for in the present state of things it is peculiarly the lot of the 
physiologist to receive help from all other branches of science 
and to stand in alliance with them. In physiology, in fact, the 
importance of the vast strides to which I shall allude has been 
chiefly felt, while to physiology, and the leading controversies 
arising in it, some of the most valuable discoveries are directly 
dtLe. 

If I leave considerable gaps in my survey, my excuse must 
be the magnitude of the task, axrd the fact that the pressing 
summons of my friend the secretary of this Association reached 

v % 
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is an aid to the knowledge of the conformable regularity in 
bc*lily structure of an. entire species of organisms. In like 
mam^r, the knowledge of the specific heat of one small frag¬ 
ment of a new metal is important because we have no grounds 
for doubting that any other pieces of the same metal subjected 
to the same treatment will yield the same result. 

To find the law by which they are regulated is to under¬ 
stand phenomena. For law is nothing more than the general 
conception in which a series of similarly recurring natural 
processes may be embraced, Just as we include in the concep¬ 
tion c mammal * all that is common to the man, the ape, the 
dog, the lion, the hare, the horse, the whale, &c., so we com¬ 
prehend in the law of refraction that which we observe to 
regularly recur when a ray of light of any colour passes in any 
direction through the common boundary of any two transparent 
media, 

A law of nature, however, is not a mere logical conception 
that we have adopted as a kind of memoria technica to enable 
us to more readily remember facts. We of the present day 
have already sufficient insight to know that the laws of nature 
are not things which we can evolve by any speculative method. 
On the contrary, we have to discover them in the facts; we 
have to test them by repeated observation or experiment, in 
constantly new cases, under ever-varying circumstances; and in 
proportion only as they hold good under a constantly increasing 
change of conditions, in a constantly increasing number of cases, 
and with greater delicacy in the means of observation, does 
our confidence in theif trustworthiness rise. 

Thus the laws of nature occupy the position of a power 
with whicE we are not familiar, not to be arbitrarily selected 
and determined in our minds, as one might devise various 
systems of animals and plants one after another, so long as the 
object is only one of classification. Before we can say that our 
knowledge of any one law of nature is complete, we must see 
that it holds good without exception, and make this the test of 
its correctness. *If we can be assured that the conditions under 
which the law operates have presented themselves, the result 
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must ensue without arbitrariness, without choice, without our 
co-operation, and from the very necessity which regulates the 
things of the external world as well as our perception.The 
law then takes the form of an objective power, and for that 
reason we call it force. * 

For instance, we regard the law of refraction objectively as 
a refractive force in transparent substances; the law of chemical 
affinity, as the elective force exhibited by different bodies towards 
one another. In the same way, 'we speak of electrical force of 
contact of metals, of a force of adhesion, capillary force, and so 
on. Under these names are stated objectively laws which for 
the most part comprise small series of natural processes, the 
conditions of which are somewhat involved. In science our con¬ 
ceptions begin in this way, proceeding to generalisations from a 
number of well-established special laws. We must endeavour 
to eliminate the incidents of form and distribution in space which 
masses under investigation may present by trying to find from 
the phenomena attending large visible masses laws for the opera¬ 
tion of infinitely small particles; or, expressed objectively, by 
resolving the forces of composite masses into the forces of their 
smallest elementary particles. But precisely in this, the simplest 
form of expression of force—namely, of mechanical force acting 
on a point of the mass—is it especially clear that force is only 
the law of action objectively expressed. The force arising from 
the presence of such and such bodies is equivalent to the ac¬ 
celeration of the mass on which it operates multiplied by this 
mass. The actual meaning of such an equation is that it ex¬ 
presses the following law: if such and such masses are present 
and no other, such and such acceleration of their individual 
points occurs. Its actual signification may be compared with 
the facts and tested by them. The abstract conception of force 
we thus introduce implies, moreover, that we did not discover 
this law at random, that it is an essential law of phenomena. 

Our desire to comprehend natural phenomena, in other worck 
to ascertain their laws, thus takes another form of expression—* 
that is, we have to seek out the forces which’are the causes of 
the phenomena. The conformity to law in nature must be con- 
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a causal connection tlie moment we recognise that it is 
jnt of our thought and will. 

m we direct our inquiry to the progress of physical 
i a whole, we shall have to judge of it by the measure 
the recognition and knowledge of a causative connec- 
■acing all natural phenomena has advanced. 

>oking back over the history of our sciences, the first 
m$le we find of the subjugation of a wide mass of facts 
irehensive law occurred in the case of theoretical me- 
,he fundamental conception of which was first clearly 
ed by Galileo. The question then was to find the 
ropositions that to us now appear so self-evident, that 
nee is inert, and that the magnitude of force is to be 
. not by its velocity, but by changes in it. At first the 
of a co^Siually acting/orce could only be represented 
i of small impacts. It was not till Leibnitz and Newton, 
.sco very of the differential calculus, had dispelled the 
Larkness which enveloped the conception of the infinite, 
dearly established the conception of the Continuous and 
nous change, that a full and productive application of 
jr-found mechanical conceptions made any progress. The , 
jular and most splendid instance of such an application 
gard to the motion of the planets, and I need scarcely 
puhere how brilliant an example astronomy has been for 
.opment of the other branches of science. In its case, 
beory of gravitation, a vast and complex mass of facts 
; embraced in a single principle of great simplicity, and 
>conciliation«of theory and fact established as has never 
nmplished in any other department of science, either 
v* since. In supplying the wants of astronomy, have 
d almost all the exact methods of measurement as well 
rincipal advances made in modern mathematics; the 
tself was peculiarly fitted to attract the attention of the 
Dublic, partly by the grandeur of the objects under in- 
on, partly by its practical utility in navigation and 
and tKb many industrial and social interests arising 




indestructible, unalterable in their niwai, unalterable also in their 
propertioi; in abort, that from every oondition into which they 
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combination or mixture, the mode of aggregation or molecular 
structure-—that is to say, they may vary the mode of their 
distityution in space. In their properties , on the other hand, 
they are altogether unchangeable; in other words, when referred 
to the same compound, as regards isolation, and to the same 
state of aggregation, they invariably exhibit the same properties 
as before. If, then, all elementary substances are unchangeable 
in respect to their properties, and only changeable as regards 
their combination and their states of aggregation—that is, in 
respect to their distribution in space—it follows that all changes 
in the world are changes in the local distribution of elementary 
matter, and are eventually brought about through Motion . 

If, however, motion be the primordial change which lies at 
the root of all the other changes occurring in the world, every 
elementary force is a force of rftotion, and the ultimate aim of 
physical science must be to determine the movements which are 
the real causes of all other phenomena, and discover the motive 
powers on which they depend; in other words, to merge itself 
into mechanics. 

Though this is clearly the final consequence of the qualitative 
and quantitative immutability of matter, it is after all an ideal 
proposition, the realisation of which is still very remote. The 
field is a prescribed one, in which we have succeeded in tracing 
back actually observed changes to motions and forces of motion 
of a definite kind. Besides astronomy, may be mentioned the 
purely mechanical part of physics, then acoustics, optics, and 
electricity; in the science of heat and in chemistry, strenuous 
endeavours are being made towards perfecting definite views 
respecting the nature of the motion and position of mole¬ 
cules, while physiology has scarcely made a definite step in this 
direction. 

This renders all the more important, therefore, a noteworthy 
advancement of the most general importance made during the 
last quarter of a century in the direction we are considering. 
If all elementary forces are forces of motion, and all, consequently, 
of sidiilar nature, they should all be measurable by tire same 
standard, that is, the standard of the mechanical forces. And 
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that thix is actually the fact ia now regarded m proved. Tim 
law expressing tins ia known under the name of the hue of tf>t> 
Conservation of Force. f 

For a small group of natural phenomena itlnwl already been 
pronounced by Newton, then mure definitely ami in more genera! 
terms by I). Bernouilli, and so continued of rooognUr.l appli¬ 
cation in the greater pari of the then known purely^ iueclinnic.»l 


like thorn of Rumford, Davy, and Montgolfier, 
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Machines, and the motive powers required for their move¬ 
ment, furnish, in fact, the most familiar illustrations of the 
uniformity of all natural forces expressed by the law of the 
conservation of force. Any machine which is to he set in motion 
^requires a mechanical motive power. Whence this power is 
derived or what its form is of no consequence, provided only 
it be sufficiently great and act continuously. At one time we 
employ a steam-engine, at another a water-wheel or turbine, 
here horses or oxen at a whim, there a windmill, or, if but little 
power is required, the human arm, a raised weight, or an electro¬ 
magnetic engine. The choice of the machine is merely depen¬ 
dent on the amount of power we would use, or the force of 
circumstance. In the watermill the weight of the water Rowing 
down the hills is the agent; it is lifted to the hills by a 
meteorological process, and becorfies the source of motive power 
for the mill. In the windmill it is the vis viva, of the moving 
air which drives round the sails; this motion also is due to a 
meteorological operation of the atmosphere. In the steam-engine 
we have the tension of the heated vapour which drives the pis¬ 
ton to and fro; this is engendered by the heat arising from the 
combustion of the coal in the fire-box, in other words, by a 
chemical process; and in this case the latter action is the source 
of the motive power. If it be a horse or the human arm which 
is at work, we have the muscles stimulated through the nerves, 
directly producing the mechanical force. In order, however, 
that the living body may generate muscular power, it must he 
nourished and breathe. The food it takes separates again from 
it, after having coin&ined with the oxygen inhaled from the air, 
to form carbonic acid and water. Here again, then, a chemical 
process is an essential element to maintain muscular power. 
A similar state of things is observed in the electro-magnetic 
machines of our telegraphs. 

Thus, then, we obtain mechanical motive force from the 
«nost varied processes of nature in the most different ways; but 
it will also be remarked in only a limited quantity. In doing 
go we always consume something that nature supplies to us. In 
the watermill we use a quantity of water collected at an eleva- 
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tion, c«ml in ilia steam *e«glne f stno and sulphuric add In ilia 
electro-magnetic machine, food for the home; in tlie windmill 
we nm tip the motion of the wind, which in arrested hy thmaail*. 

Conversely, if we have a motive force at oar disposal, mn 
develop with it forms of notion of the most varied kind, It* 
will not 1* necessary in this place to enumerate the 
diversity of industrial machines, and the varieties of work which 
they perform* 

Let us rather consider the physical differences of the poodble 
performance of a motive power. With I In help we mn rmm 
loads* pump water to an elevation, compress gases* mi a rail way 
train in motion, and through friction generate hmh fly if# aid 
we mn turn magneto electric machines* and produce electric 
currents, and with them decompose water and other chemical 
compounds having the most pdwerftil affinities, render wires in* 
candescent, magnetise iron, St a 

Moreover, had we at our disposal a sufficient meehanies! 
motive form, we could rioter® all those stales and mmdMmm 
from which, as was s mn above, we are enabled at the outset to 
derive mechanical motive power. 

As, however, the motive power derived front any given 
natural process Is limited, so likewise is there a limitation to the 
total amount of modificatkma which wo may produce by the u»e 
of any given motif# power. 

These deductions, arrived at first in belated ImUmmm fmm 
machines and physical apparatus, have now been welded into m 
law of nature of the widest validity, Every dbange In nature 
k equivalent to a certain developsmeat* m i certain mmumptum 
of motive fmm* If motive pew be developed, it may either 
Appear m such, or be dbeetty used tip spin to form rnm^mgm 
eqtrivnbnt in magnitude. The leading of this 

mirukmy urn foundbd on fbnte’s mmmmmmmrn of the me* 
chanted ftpiivnbnt of heat* When, by the apfdkntten of heat* 
*• .-set a »teim^«agtet In motion* hat! to tin workr 

don# dimppimm within Ifcj to short* the heat wMch cun warm a 
given weight of water &m 4§gm of tho Omdlp^i scale fe * 14 ** 
if converted into wmk t to lilt the weight of water to a 
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height of 425 metres. If we convert work into heat by friction 

again use, in beating a given weight of water one degree 
Centigrade, tbe motive force which the same quantity of water 
would have generated in flowing down from, a height of 425 
•metres. Chemical processes generate heat in definite proportion, 
and in like mann er we estimate the motive power equivalent to 
such chemical forces; and thus the energy of the chemical force 
of affinity is also measurable by the mechanical standard. The 
same holds true for all the other forms of natural forces, but it 
will not be necessary to pursue the subject further here. 

It has actually been established, then, as a result of these 
investigations, that all the forces of nature are measurable by 
the same mechanical standard, and that all pure motive forces 
are, as regards performance of work, equivalent. And thus 
one- great step towards the solution of the comprehensive 
theoretical task of referring all natural phenomena to motion 
has been accomplished. 

Whilst the foregoing considerations chiefly seek to elucidate 
the logical value of the law of the conservation of force, its 
actual signification in the general conception of the processes of 
nature is expressed in the grand connection which it establishes 
between the entire processes of the universe, through all dis¬ 
tances of place or time. The universe appears, according to 
this law, to be endowed with a store of energy which, through 
all the varied changes in natural processes, can neither be 
increased nor diminished, which is maintained therein in ever- 
varying phases, but, like matter itself, is from eternity to 
eternity of unchanging magnitude; acting m space, but not 
divisible, as matter is, with it. Every change in the world 
simply consists in a variation in the mode of appearance of this 
store of energy. Here we find one portion of it as the vis viva of 
moving bodies, there as regular oscillation in light and sound; 
or, again, as heat, that is to say, the irregular motion of in¬ 
visible particles; at another point the energy appears in the 
form of the weight of two masses gravitating towards each 
other, then as internal tension and pressure of elastic bodies, or 
as chemical attraction, electrical tension, or magnetic diatri- 
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features. If the task of physical science he to determine laws, a 
st&p of the most comprehensive significance towards that object 
has h^pe been taken. 

The application of the law of the conservation of force to 
♦"the vital processes of animals and plants, which has just been 
discussed, leads us in another direction in which our knowledge 
of nature’s conformity to law has made an advance. The law 
to which we referred is of the most essential importance in lead¬ 
ing questions of physiology, and it was for this reason that Dr. 
Mayer and I were led on physiological grounds to investigations 
having especial reference to the conservation of force. 

As regards the phenomena of inorganic nature all doubts 
have long since been laid to rest respecting the principles of the 
method. It was apparent that these phenomena had fixed laws, 
and examples enough were already known to make the finding 
of such laws probable. 

In consequence, however, of the greater complexity of the 
vital processes, their connection with mental action, and the 
unmistakable evidence of adaptability to a purpose which 
organic structures exhibit, the existence of a settled conformity 
to law might well appear doubtful, and, in fact, physiology has 
always had to encounter this fundamental question : Are all vital 
processes absolutely conformable to law ? Or is there, perhaps, 
a range of greater or less magnitude within which an excep¬ 
tion prevails? More or less obscured by words, the view of 
Paracelsus, Helmont, and Stahl, has been, and is at present, 
held, particularly outside Germany, that there exists a soul ot 
life (‘ Lebensseele ’) directing the organic processes which is en¬ 
dowed more or less with consciousness like the soul of man. 
The influence of the inorganic forces of nature on the organism 
was still recognised on the assumption that the soul of life only 
exercises power over matter by means of the physical and chemi¬ 
cal forces of matter itself; so that without this aid it could ac¬ 
complish nothing, but that it possessed the faculty of suspending 
or permitting the operation of the forces at pleasure. 

After death,*when no longer subject to the control of the 
soul of life or vital force, it was these very chemical forces of 
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org&nk matter which brought about decomposition, Innhori, 
through all the different modes of expressing if* whether it wps 
termed the Arohftus, the anima imdft, or the vital form ami 
the reMoratim power of nature, the faculty to buihi tip thi 
body according to system, and to suitably accommodate it m 
external circumatances* remained the most essential attribute 


theory with which, therefore, by reason of its attribute 
the name of soul fully hanuortedh 


to the law of the conservation of form If vital farm wer 
for a time to annul the gravity of a weight, it could W min*** 


action of gravity were again restored, could |**rfurm work of any 
deni red magnitude. And thn* work could be obtained out of 


and the liberated carbon mi oxygen could perform new 
work. 

In reality, however, no true of stieh an action k to be met 
with m that of the living organism being able to generate an 


parable in every rmpect with that of the eteaoHtagibai* 
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Meanwhile it is trno that exact quantitative determinations of 
the#squivalents of force, consumed and produced in the rentable 
aswelLas the animal kingdom, have «t!H to be made in order 
to fully establish the exact accordance of those two values. 

% If, then, the law of the conservation of force hold good also 
for the living body, it follows that the physical and chemical 
forces of the material employed in building up the body arc 
in continuous action without intermission and without choice, 
and that their exact conjormity to law never suffer* a moment'$ 
interruption. 

Physiologists, then, must expect to meet with an uncon¬ 
ditional conformity to law of the force* of nature in their in¬ 
quiries respecting the vital processes; they will have to apply 
themselves to the investigation of the physical and chemical 
processes going on within the or$uti*m. It is a task of vast 
complexity and extent; hut the workers, in Germany especially, 
are both numerous and enthusiastic, and wo may already affirm 
that their labour® h»ve not been unrewarded, inasmuch as our 
knowledge of the vital phenomena has made greater progress 
during the last forty year* titan in the two preceding cen¬ 
turies. -■ , ‘* , j' , ‘ me t 

Assistance, that cwnnot be too highly valued, towards the 
elucidation of the fnndamantel principle* of the doctrine of 
life, has been rendered on the part of descriptive natural history, 
through Darwin's fcltoory of the evolution of organic forms, by 
which the possibility of am entirely new interpretation of organic 
adaptability is furnished. 

The adaptability fawtba eometruetkm of the functions of the 
living body, most wonderful at any | ;u»“, gad with the progress 
of science beSoin iii" stillatNW, INHflgabUt* th<* &M reason 
that provoked a «•..».q. iri on of? the *•«);.i prow,*# with the 
actions of a principle acting likes soul. In the whole external 
world we know of but one ■ - dee of phenomena pen f t *^f 
law. characteristicH, wm mrnm the actions and deeds of an intelli¬ 
gent human being, and we must allow that in innttmemhla in¬ 
stanced the organif adaptability appears to b;i» extraordinarily 
superior to the capacities of the human intelligence that we 
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,„ight fuel disposed to a mho to it a higher rather than n tower 

character. < 

Before the time of Darwin only two theories rMnecting 
organic adaptability were in vogue, t»th of which pointed to 
the interference of free Intel ligenre in the ,v.urrenf nat urel ptr- 
comet. On the one hand it was held, in accordance with the 
vitalistio theory, that the vital proonrees were continuously di¬ 
rected by a living soul ; and, on the other, recount 4 a* had to an 
act of supernatural intelligence to account for the origin of every 
living »|tcci«*. The latter view indeed supposes that tbe Mural 
connection of natural phenomena had lawn broken loss often, 
and allows of a strict acientifie examination of the proenwen 
observable in tii« species of human beings now existing ; but 
even it is not able to entirely explain away those exceptions to 
the law of causality, and ooraoqtumtly it enjoyed no considerable 
favour as opposed to the vitiiltotie view, which was powerfully 
supported, by apparent evidence, that is, by the nature! desire 
to find similar cause* Idiind similar phenomena. 

Darwin’s theory contains an initially new creative thought, 
It shows how adaptability of structure bi organism* can » 
suit from a blind rule of a law of nature without any interven- 
tinu of intelligence. I allude to the law of tratMnimtoa of 
individual peculiarities from parent to offspring, a law tong 
known and recognised, and only needing a more ptwiM d»8* 
nit ion. If both patent* have individual peculiarities in com* 
tuun. the majority of their offitpring also pome* them ; and if 
among the offspring there are some which present these peculiar¬ 
ities in a ires marked degree, there wiP, on the other hand, 
always be found among a great number, other* in which the 
same peeuUarittre have become intensified. If, ndw, three be 
selected to propagate offspring, a greater attdgrvob r iatemdfim. 
ti>m of those peculiarities may be attained and transmitted. 
This is, in bet, the Method employed in settle- breeding sod 
gardening, la order with great e r certainty to obtain aew 
and mirth*, with well-marked dUtteeafc deiMUt*. Tito ex- 
prwacft of artificial breeiBog hi tube regntdOd, front n adenUite 
pint of view, ns m exprrhneatal ooofhauai «* of tbs law under 
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discussion ; ami, in fact, this experiment lias proved successful, 
alibis still doing so, with species of every class of the animal 
kingdqpi, and, with respect to the most different organs of the 
body, in avast number of instances. 

% After the general application of the law of tninsmi&sion had 
established in this way, it only remained for Darwin to 
discuss the bearings of the question as regards animals and 
plants in thf wild state. The result which has been arrived at 
is that those individuals which are distinguished in the struggle 
for existence by some advantageous quality, are the most likely 
to produce offspring, and thus transmit to them their advan¬ 
tageous qualities. And in this way from generation to genera¬ 
tion a gradual adjustment is arrived at in the adaptation of each 
species of living creation to the conditions under which it has to 
live until the tyjm has reached Hush a degree of perfection that 
any substantial variation from it is a disadvantage. It will 
then remain unchanged m long as the external conditions of its 
existence remain materially unaltered. Such an almost abso¬ 
lutely fixed condition appears to 1st attained by tho plants and 
animals now living, and thus tho continuity of the species, at 
least during historic times, is found to prevail. 

An animated controversy, however, still oontinnes, concern¬ 
ing the truth or proliability of the Darwinian theory, for the 
most part respecting the limits that should be assigned to the 
variation of specie*. Tho opponents of tills view would hardly 
deny that, as assumed by Darwin, hereditary differences of race 
could have arisen iri one and the some species; or, in other words, 
that many of the fowus hitherto regarded as distinct specie* of 
the same genus have Iwon derived from the same primitive form. 
Whether wl must restrict our view to this, or whether, perhaps, 
wo venture to derive ail mammals from one original marsupial, 
or, again, all vertebrates from a primitive lancelet, or all plants 
and animals together from the slimy protoplasm of a protis- 
U>n, depends at tho present moment rather on tho leanings of 
individual olworvera than on facts. Fresh links, connecting 
clam*# of npjsu-dRtly irreconcilable type, are always presenting 
themselves; the actual tmnsition of forms, into other* widely 
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diml »s«tili!ir« inn of Hjwcbw nt’w « »#!«*** g«’»« »* "• 

Isngw that n »inj?ln individual m«y nd*p* i*^* " r *"**'”'• 
nrtwtotm-d, in ft certain degree, to the cimniotanroa under which 
it haa to live; and that even during the ringlr lift* of »»» ,n '"* 
V.hml n <li«tinet progrra* toward* it higher development *>• 
organic adaptability nwy I*' attained. A ml ii i* more raped* > 
in Uiave form* of or t »nir life where the adaptability in atructuro 
Slaw readied! flw bighntt grade ami excited the grmlrot eliwi >t»i> , 
namely, in the region of mental perception, that, m tlio bt»»l 
raeulta of physiology teach m, thw individual adaptation |»lay* 
it moat prominent }«>rt. 

Who him not marvelled at the fidelity and accuracy of th» 
Information which ©wr wwmi convey to w* front the eiimiund 
mg world, more e*|iedally three of tin* far reaching cyel The 
information m gained furnWw* t»w pranhemfor theconeUwbm* 
which we come to, the art* that we perform; and tflthea our 
aenitee eonvey to on correct imprrrolnna, we cannot expect to act 
accurately, m that nwulU ahallcorreapond with «*ur exportation* 
By the atMomi «r failure of ottr acta we again and atptin tea* 
the troth of the taformatten with which ear tmmm mtpply »*. 
and experience, after millkmo of r ep e ti tio n * ebow* m that thin 
fidelity in exnwdinftfy great, in fort, *!•»«*» free from «to»pth»M*. 
At all event*, then# exception*, the ao-enlled Mlmdan* of toe 
wnm, are rare, and mm only brought nhn* hy ***? ap«M ami 
unramal ctie tna rta nto a. 

Whenever we rtrrtdi forth the hand to ley hohl of mm* 
thing, or advance the foot to atop upon «wi object, w# mtwl 
first form an eoenvato optical image of ll»« pmdtion of lh* 
object to he touched, Ita form, dirtaiww, he, ot we ahell fall. 
Tho certaftty and eornrnry of our perception hjf the mmm 
must at hart equal the certainty Mid aamtmey which our action* 
have attained after long fwartioa ; ami the belief, lherafora, In 
the trurtworthineee of oar mummi hi no Wind WW, hut we, *h* 
aecnruy of which liaa bean lerte d and verified again and *«*»*» 
hy nwn h e ri e m experiment*. 

Were thk tfhrmony between th* pwavpthraa through *h* 
mnmm and the objrrt* awning than, m other «ord% thin 
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of nil our knowledge, a direct product of Urn vital princij 
forumtive jwit would, in fact, then have attained the h 
degree of twrfection. But an examination of the nrtii# 


by which w« become acquainted with the v*rh»it* prepwtfew *<f 
the ohjeeta enrronnding tw. Here it can at once be proved 
that tto kind and no degree of aitnilarity exiala between the 
quality of a twnmtioti and the quality of tie agent inducing it, 

and jxirtrayed by it. 

In it* leading feature* til* wan demonstrated by Johan nr* 
MUllcr in hi* law of the Spodfie Action of tins Hmm** Arson!* 
tug to hint, each nerve of mmum pneereere a pewtllar kind «f 
»m nation. A nerve, we know, can ho rendered active %* a *mrt 
nnnibor of exciting agent*, mid the mm* agent may iikewfaw 
affect different organ* of actwe ; but, however it be brought 
about, we never have in tuxrvw of *i$it my oihdk NnMtion 
than that of light; in the nerve* of the rer any oth<w then a 
eenaation of eonnd ; in abort, .in each ittdividmi nerve «f mmm 
only that Henan tion which correspond* to it* peculiar *|*«r*tV 
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The bearing of Muller’s law has been extended by later re¬ 
search. It appears highly probable that even the sensations of 
different colours and different pitch, as well as qualitative pecu¬ 
liarities of luminous sensations inter se, and of sonorous sensa- 
tions inter se, also depend on the excitation of systems of fibres, 
with distinct character and endowed with different specific 
energy, of nerves of sight and hearing respectively. The infi¬ 
nitely mom varied diversity of composite light is in this way 
referable to sensations of only threefold heterogeneous character, 
in other words, to mixtures of the three primary colours. From 
this reduction in the number of possible differences it follows 
that very different composite light may appear the same. In 
this case it has been shown that no kind of physical similarity 
whatever corresponds to the subjective similarity of different 
composite light of the same colour. By these and similar facts 
we are led to the very important conclusion that our sensations 
are, as regards their quality, only signs of external objects, and 
in no sense images of any degree of resemblance. An image 
must, in certain respects, be analogous to the original object; a 
statue, for instance, has the same corporeal form as the human 
being after which it is made; a picture the same colour and per¬ 
spective projection. For a sign it is sufficient that it become 
apparent as often as the occurrence to be depicted makes its ap¬ 
pearance, the conformity between them being restricted to their 
presenting themselves simultaneously ; and the correspondence 
existing between our sensations and the objects producing them 
is precisely of this kind. They are signs which we have learned 
to decipher, and a language given us with our organisation by 
which external objects discourse to us—a language, however, 
like our pother tongue, that we can only learn by practice and 
experience. 

Moreover, what has been said holds good not only for the 
qualitative differences of sensations, but also, in any case, for 
the greatest arid most important part, if not th© whole, of our 
various perceptions of extension in space. In their bearings on 
this*question new doctrine of binocular vision and the in¬ 
vention of the stereoscope have been of importance. All that 
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Individually nrquirmt, • r«*«ilt of *»i|«w4rw», >*f training, tho 
troollcrtion of farmer »<i* >4 a WKjtlar kind 

'IJjas* eomplrteo lh«* flttle of »ur oloorvolfem*. •**! h* n< l* ut 
st tl m *|*>l «Imk« •« »»* out 'Vo futitol at *!«• Uffioxin* 
•ll»l wbal phytoml wh*»»*» after « "l*»> k»n*«ledge *4 I***, 

in other word*. Uw knowledge h«*w»t d»rter«o« *»«»»"• node* tho 
mnm condition* the mm* r**'dt» *»* brought atom! , and «*• 
found in the Iwt inManr* ham ail 1»«* «» l« twlwl t«* !■*»• «l 
tnolidin. Wo now find, in wmr lotion, th»l amt t*Miu«w •*« 
««■«!» aigna of ebang** t«k»ng [ho> in U* »«*ld. »*?d 

mm only »• «|f*»«ksd m pMora* in that »h *f rrjwowil 
•inn (n time, for thto *0*7 tcnwon tier are it* • |»»*t*«w »«. 
*jM>w diltotfy lb* Irnlmm , in n»g*#d to *or«wt#*on 

in U«4 natural If, node* the w«» Minnl 

cnr*r*n»*t»nr«», the mm# notion *4h« pW». • iwemm «i««f*ing it 
tmdur tVmmoowwIitwm* will hod the im|w«m***** 

nsgofewiy twwp> That wb«fc «mr organ* «f n»» perform u 
«h«tly ow fflk dtot to moot th« drmondh of <***to» #* wall a* the 
jmwtiml Mntoof tfc* rnmm «# t« >-<w *fe*> t»wi rely for *«fp*<#* 
m the InwwWa* of tminml I*partly imtlmlnilr 
by daily mfmtrnmm, and partly p«*jM«vSy fey tfe* atudy of 

lltviiy now nmtpladwl «•» mmmy, wo any, pwttofot, oferttm 
n n«* fe nl an on l%*to*S whom* two mod* a»U«* 

jrefrrw, not only la tfcw m llw* drwwftoo,, hoi to* wort oink 
MMI « W ho* town ar«<mjrfl*fe*4 moy warms* tfe* **i**«<o*nt el 
forthor Itoobto torfowtiog tfeo onto* awoformily to 

taw of tow* •#* gtor* and mm» 4m|wIM , ln*a «»**• twMwnl 
*n4 ***** *n feavo novoalod klwsmwde** I*hod kho 

x&meikm %Wh MtonUiM only two token it n fcmJOty «*** ito 
prw^wl fmmm hooootowiy dwm mtomtol , «n4 1 mmf hmm 

to ,a(LraJ «SijMaft iWfttowfewMUyBEnitton tw tho i~fTiftf ti mtf t.,• •*t* ■ ■ ii 

atnm my nmn. In ffc yow fe my yomtonlktly awtontm# 

•••'<' r?.0M -Wk- ■’ ^ •:. ' ■— ’ wk j-? 

fetmity to kw 4 »fe*i «w»M| m mm \mm tkmmrn^ Ifew tottohgi 

i$ i;' y ffc il itomay |imrnii 

^ If f W flPI W ftp Wi^fwW -' 4 '' / ® 

th* pMNfml wtonm dhnwyJjr 4 feyw » dhnl «• fkyoiwlmy, m*mi% 
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medicine. Both have received an impetus, such as had not 
been felt for thousands of years, from the time that che} pi¬ 
ously adopted the method of physical science, the exact observa¬ 
tion of phenomena and experiment, As a practising physician, 
in my earlier days, I can personally bear testimony to this. 4* 
was educated at a period when medicine was in a transitional 
stage, when the minds of the most thoughtful and exact were 
filled with despair. It was not difficult to recognise that the old 
predominant theorising methods of practising medicine were al¬ 
together untenable ; with these theories, however, the facts on 
which they had actually been founded had become so inextric¬ 
ably entangled that they also were mostly thrown overboard. 
How a science should be built up anew had already been seen in 
the case of the other sciences; but the new task assumed colossal 
proportions; few steps had b®en taken towards accomplishing 
it, and these first efforts were in some measure but crude and 
clumsy. We need feel no astonishment that many sincere and 
earnest men should at that time have abandoned medicine as 
unsatisfactory, or on principle given themselves over to an ex¬ 
aggerated empiricism. 

But well-directed efforts produced the right result more 
quickly even than many had hoped for. The application of the 
mechanical ideas to the doctrine of circulation and respiration, 
the better interpretation of thermal phenomena, the more re¬ 
fined physiological study of the nerves, soon led to practical re¬ 
sults of the greatest importance; microscopic examination of 
parasitic structures, the stupendous development of pathological 
anatomy, irresistibly led from nebulous theories to reality. We 
found that we now possessed a much clearer means of distinguish¬ 
ing, and a clearer insight into the mechanism of the**process of 
disease than the beats of the pulse, the urinary deposit, or the 
fever type of older medical science had ever given us. If I 
might name one department of medicine in which the influence of 
the scientific method has been, perhaps, most brilliantly displayed, * 
it would be in ophthalmic medicine. The peculiar constitution of 
the eye enables us to apply physical modes of investigation as 
well in functional as in anatomical derangements of the living 
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organ. Simple physical expedients, spectacles, sometimes spheri- 
. cal>. : pmi limes cylindrical or prismatic, suffice, in many cases, to 
cure disorders which in earlier times left the organ in a condition 
of chronic incapacity; a great number of changes, on the other 
% hand, which formerly did not attract notice till they induced 
incurable blindness, can now he detected and remedied at the 
outset. From the very reason of its presenting the most favour¬ 
able ground for the application of the scientific method, ophthal¬ 
mology has proved attractive to a peculiarly large number of ex¬ 
cellent investigators, and rapidly attained its present position, in 
which it sets an example to the other departments of medicine, 
of the actual capabilities of the true method, as brilliant as that 
wlfich astronomy for long had offered to the other branches of 
physical science. 

Though in the investigation $f inorganic nature the several 
European nations showed a nearly uniform advancement, the 
recent progress of physiology and medicine is pre-eminently due 
to Germany. I have already spoken of the obstacles which 
formerly delayed progress in this direction. Questions respect¬ 
ing the nature of life are closely bound up with psychological 
and ethical inquiries. It demands, moreover, that we bestow 
on it unwearied diligence for purely ideal purposes, without any 
approaching pjospect of the pure science becoming of practical 
value. And we may make it our boast that this exalted and 
self-denying assiduity, this labour for inward satisfaction, not 
for external success, has at all times peculiarly distinguished the 
scientific men of Germany. 

What has, aftei^ all, determined the state of things in the 
present instance is in my opinion another circumstance, 
namely, that we are more fearless than others of the consequences 
of the entire and perfect truth. Both in England and France 
we find excellent investigators who are capable of working with 
thorough energy in the proper sense of the scientific methods; 
hitherto, however, they have almost always had to bend to 
social or ecclesiastical prejudices, and could only openly express 
their conviction* at the expense of their social influence and 
their usefulness. 
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Ctotnafty hm advanced with bolder atrp; #1 m baa had ilia 
foil ecaififtaiiM which fans never to® shakai*, that truth fajjy 
ksm brings with ii its own mmmij for th* danger am) dSW 
advantage that may fame and theca attend a Umied 
of what hi true. A labour-loving, frugal* nod moral §«§if«^ 
may exerriae atteh IcUjiim, may aland for I# f#w with irotJi; 
it baa nettling to fee though bandy or fiarthd tkawia to advo* 
gated* even if they abotrld apjpeer to trseefc mpm the foundation* 
of morality and noddy* 

We town met here on the flouthern ftotiiter of enr eonnevy, 
to arimoe* however* we m yolittal heimdarfo^ for 

oar mmu tty mmhm m for an the German Congu* i# beard* 
wherever German industry 'ami German Intrepidity in alriei^g 
after troth fled laww. And that it fieda feroar here in show# 
by omr hospitable mmpkm* and the Impfaiing words with 
which we hate lawn greeted. A new medfotl faculty has %mm 
Mabltsfaert faare* We will wlah it fa §» natter »§*§ pm$mm 
in the cardinal vfftnae of tinman tor then it wifi mi 

only find moodies for buddy «tifftotig 9 tot town an active 
mum to atongthen fatotote&l imfojiendttice ? 
ooewtotoi and love of teeth* and at the mum the# to tto omm 
of the mm of unity ilumf tout tor owwity• 
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